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The present Volume of the Account of the Operattone of the Great Trigonometrical Survey of India, hrmgs to a 
close the description of the Electro Telegraphic Operations foi^ the determination of Differential Longitudes undertaken 
by this Survey 

The account of previous work m this direction inll be found in Volumes IX and X of the same senes the present 
volume is chiefly a continuation of these but it is also in part a revision in consequence of some improvements in the 
methods of computing instrumental corrections, which the reader will find detailed in Part III 

The volume is divided into four parts Fart I contains six chapters descnptive of the instmznental equipment 
and electrical apparatus, the method of observing transits, the arrangement of the observatories, the details of the 
measurement of personal equation an explanation of the computa^ons as arranged m tabular form, and many other 
similar matters, by a study of which it is hoped that the reader may be placed in a position to follow for himself the 
observations contained in the book These introductory chapters are to a great extent the same as those of Volnmes IX 
and X only such changes and corrections having been made in them as were required to bring them up to the standard 
of the most recent practice 

Part II contams in tabular form the computations of the arcs measured during the seasons 1885 86, 1887 88, 
1889 90 and 1891 92 they are as follows — 

In Season 1885-66 In Season 1887 88 In Season 1889 90 In Season 1891 99 

Agra-Mooltan Madras-Bangalore Agra-Mooltan (reviBmn) Calcuttar-Waltair 

Deesa-Mooltan Bangalore-Nagarkoil Agra-Kurrachee Waltair-Jubbulpore 

Agra-Amntsar Madras-Nagarkoil Agra-Kahanpur Waltair^Madras 

Amntsar-Mooltan Nagarkoil-Mangalore Kalianpqjr^Bombay Waltair-'Bolarum 

Mooltan-Korracbee Madras-Mangalore Jubbulpore-Kalianpur Bolarum-Bombay (revision) 

Peshawar-Mooltan Bellary-Mangalore Mooltan-Quetta pyzabad-Dehra Dun 

Amntsar-Peshawar Mangslore-Bombay Kurrachee-Quetta 

Debra Dun-Amntsar 
Debra Dun-Agra, 

Expenmmital arc at Debra Dun 

The last of the arcs of season 1885 86, in which both transit mstmments were placed on the same meridian, end 
closely contiguous to each other, was undertaken with the view of investigating the anises of certain instrumental errors 
whioh are discussed m Part III 

Part in contains two chapters explanatory of the reasons which led to certain improvements in the methods of 
computmg instrumental corrections, and describes some experiments which were made on the coUimation of the 
two transit instruments employed These experiments have brought out the interesting fact that the circuit errors which 
had previously led to much discussion, as well as to some dissatisfaction, were in all probability due to imperfections in 
the object glasses of the colkmators However, a method of calculating the collimation constant so as to eliminate the 
effect of thu imperfection has been adopted, and no uneasiness as to its vitiating the results need be entertained Tbia 
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pwrt«l«o contaios thearcagivea inVolnmcklXandXirecoinputedon^^metliod^butonlyiDaiiabidged £orm,aaitira8Con 
sidered superfluous to repnut all the details of each star observed The repnnt contains therefore only the re deteiminatioii 
of the collimation and level constant and the resnlta of each arc in the several pivot positions^ with its concluded value. 

In Part IV will be found the details of the simultaneous reduction of all the circuits formed by the arcs of longi 
tude measured m India the process of reduction is explained m Chapter I The work is for the most part exhibited m 
tabular form, and the chapter concludes with a tabic givmg m a synoptical form a list of the finally adopted astronomical 
values of all the Indian arcs, and a comparison with their geodetic values The two arcs Bombay->Aden and Aden~Suez, 
though not forming part of any triangular circuit nor entermg mto the final reduction are of importance as forming two 
of the connecting links between Greenwich and Kalihnpur and they have consequently been recomputed on the same 
system The comparison of the gcqdetic and astronomical values of the arcs as exhibited in this last table is very m 
teresting but this is not the place to enter into any elaborate discussion on the evidence thus given of the necessity of 
corrections to the accepted elements of the terrestnal spheroid Chapter II of this Part contams a few remarks and rough 
calculations on the general tendency of the evidence 


As the simultaneous reduction is not a work of any great labour, it was intended ongmally to embrace the whole of 
Burma and as much as possible of Baluchistan and even Persia m the scheme Unlike the simultaneous reduction of the whole 
principal tnangulation of India, which would have been too vast a work to cope with, and which was consequently divided 
into five main figures to render it at ill mahageahle, there is no difficulty m combining all the arcs hitherto measured, 
and many more if necessary into one operation It has been however considered advisable that for a time such 
purely scientific investigations as those desenhed in this volume should give way to more directly remunerative work 
and as it seemed uncertain how long they might remain in abeyance it was decided to complete at once the reduction of 
all such data as were available, rather than postpone it indefinitely until the original scheme had been fully worked 
out Although the introduction of every additional arc would theoretically have some effect on the final corrections of 
those included in the present reduction such effect would be insignificant and would scarcely justify any further delay m 
the computation and publication of the final results 


At the end of the Volume are Appendices containing the calculations necessary for deducing the geodetic positions 
of the stations m Part II at which the observations have been made by means of tnangulation laid out for that purpose 
also a short discussion on armature time, and the velocity of transmission of electnc signals along a telegraph wire As one 
of the chief objects of these measurements of differential longitudes is a rectification of the elements of the terrestnal 
spheroid by a companson of the values of the several arcs as determined (1) geodetically, and (2) astronomically it 
follows that the geodetic positions of the terminal stations of the arcs must be above suspicion A perfectly reliable 
tnangulation connecting these stations with the principal system has been m all cases easily effected and its errors may 
for all purposes of the longitude operations, be cousidcred rejectaneous 


The ongm of longitudes for the Indian Survey is the Kalianpur* Hill Station, the value for this being taken 
at 77® 41 44*^ 75 This has long been known to be considerably m error but for reasons which need not here be 
entered into it has not been deemed advisable to make any change therein as yet It was ongmally obtained by tnan 
gulation from the Madras Observatory, the longitude of the latter place being assumed to be 8o® 17 ai^ 


Now that telegraphic communication between Greenwich and Kalianpur is completed, the most direct way of 
obtaining the longitude of the latter independently of tnangulation is as follows — 


Longitude of Mokattam 
Increase for Suez 
,, Aden 
, Bombay 
, Kahanpur 

Longitude of Kalianpur 


31° 16 33*601 
I 16 43 95 t 

12 25 42 20 
a? 50 o 33 
4 oo a* 75 
77 ^9 ai 83 


Thu u not the Knbanpu Obeerrstory which Rtnnds 40 feet further to the weet 
t Xheae raluea were tupped by the late Sir Airy from obterraUoM Ukeu m eoaneotion with the txanidt of Teans la 1874 





fliA Ytistb I3rat obtaa&ed »» up to the pirvieiit tune^ the mott direct end trustworthy, end » not Hkely to htf mnt^ 
improted^ It diff^, kofrerer, conttdeimbly from the Tslue sdopted m the Indian graticule as giTcn above, partly 
beeattse the tnangolatidn connecting Madras and BLalianpnr was not of very high excelK^nce, but chiefly because the longitude 
of the Madras Observatory had been determined without the aid of the telegraph, and depended solely on observations 
of the echpses of Jupiter^s satelhtes and moon colmmatmg stars-— methods which are admittedly far inferior m precision to 
that afforded by tbe electnc telegraph The longitude of the Madras Observatory has been mixed up with the subject of 
Indian longitudes m a way which is likely to produce false ideas on this pomt and it should be borne in mind that it has no 
more to do with the longitude of Kahanpur the true origin of Indian geodesy, than any other station m India, it was 
introduced originally by Colonel Everest as being the only place in tins country where observations of absolute longitude 
with regard to Greenwich had been mode J.t w(nild be better that it should be entirely left out of any discussion on this 
question m future Its longitucCe, if at any time required, may be deduced as follows — 

O tf 

Longitude of Bombay above 72 49 008 

Increase for Bolamm 5 42 12 02 

„ Madras 1 43 39 23 

Longitude of Madras Observatory* 80 14 51 33 

All the longitudes above given are observed differences of tune (reduced to arc) as deduced by means of the telegraph , 
they are quite independent of the elements of the terrestrial spheroid^ buf are not cleared from the effects of any local attrao 
tion existing at any of the stations of observation 

In previous volumes the correction to the original value of longitude of Kahanpur has been assumed as — a 30^ 
the mvestigations of the present volume show it to be — 2 22 92 but it> would even now be somewhat premature to 
say defiaitcly that this correction may he taken as final For further information on this subject tbe reader is referred to 
Chapters X and XI of Volume II 

The whole network of longitude arcs measured and reduced m India, up to the time of pubhcation of this volume, 
embraces 55 arcs varying in length from 148 miles to 695 miles t connecting 25 stations the differences of longitude ranging 
between 1 second and 44 mmutes The difference of longitude between the most eastern station Moulmein and the most 
western Quetta is 2’' 2*" 27 61 corresponding to a distance of about 2056 miles and the difference of latitude between 
Peshawar the most northern and Nagarkoil the most southern station, is 25® 5p^ which corresponds to a distance 
of about 1815 miles The distribution of the various stations is shown in Plate V at the end of the volume There are 
two other arcs of inferior importance not shown in the plate which do not form part of the mam network viz Vizaga 
patam-Madras and Vizagapatam-Bellary the station at Yizagapatam having been superseded by one at the neighbouring 
Cantonment of Waltair 

Operations for determinmg difference? of longitude, undertaken m the United States and Europe and similar 
scope and general pnnciples to those described in this volume, appear to be liable to errors of about the same magnitude 
The accuracy now attamed is such that though not quite equal to that of the latitude observations it is yet quite sufficient 
to afford valuable evidence as to the trustworthiness of the adopted data for the elements of the earth s figure, and the 
direction and amount of change that may hereafter have to be made in them 

The average correction made to each of the arcs by the simultaneous reduction in Part IV is o* 017 ( = o*' 26) 
correspondmg m Indian latitudes to a distance of about 25 feet The probable error of a determination of latitude 
18 only d' 04 but it should be remembered m making this comparison that there is no check upon the latitudes, such as 
u furnished by the mrcuit equations m the case of the longitudes If the probable error of an arc of longitude be 
determined from the residuals only as is done lu the case of latitude, it is reduced to about 15 feet, it is not claimed 

* The exact pomt of the Madras Obserratoiy referred to u the centre of the present Mendian Circle which is believed to be 18 feet east and 6 feet 
north of Colonel lAmbtons ongm mde note attached to pnge xiv_g of Volmne XIII of the A count of th Operation* (fc 

t These are the direct distances between the stations i tbe distances loeasored along the telegraphic lines whicli in many cases are somewhat 
e|mdto«s may be considerably greater The longeet line of wire used u between Waltaur and Jubbuipore a distance of 1176 miles, for whieh one uter 
mediate translating relay wai found indispensable 
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j^hat the work u rehahle withm thia narrow limits but the fact u merely mcmtioned to show that the teat apphed to the 
former m, by reason of the circuit equations, in reahty more severe than that apphed to the latter The reader will find 
a discussion on the probable errors alid weights of the several arcs m Fart lY 

It may be advisable here to state, that the elements used throughout the computations of the Great Tngono 
metrical Survey of India are those commonly known as ''Evei^est's Constants 1st set'' and although more recent 
determmations of their values have been available of late years, it was obviously impossible, as well as undesirable, to 
revise and correct the whole of the enormous mass of computations, that have accumulated from time to time, m accordance 
with the more modem values of the elements, more especially as even now they cannot be considered os finally settled 

If the reader will refer to Volume II, Chapter X, he will find much ^nterestmg information on this point The 
data for a re detennmatiop of the earth a figure, since that chapter was written, have been vastly augmented The principal 
tnangulation and its final reduction are now complete and the same is tme of all the arcs of longitude measured up to 
the date of the publication of this volume There remain however still a good many blanks in the scheme drawn up for 
observation of latitudes, but these are being gradually filled up, and the progress is likely to be more rapid, now that the 
officers lately employed on longitude observations are available for the former work 

The measurements recorded in Part II of this volume were made by Ma^or (now Colonel) G Strahan r e , Major 
(now Colonel) W J Heaviside, r e , paptavn S G Burrard r e , and Lieut G P Lenox Conyngbam, r b The various com 
putations have also been earned out by these officers The descnptive chapters in Part I were wntten by Captain Burrard, 
on the basis of the first six Chapters in Volume IX, which were due to Lieut Colonel W M Campbell, b e For the des 
cnptive chapter of Part III and the supenntendence of the recompntation of the arcs contamed therein and also for Part 
IV 1 am solely responsible I am much indebted to Babu Cally Mohun Ghose, whose previous expenence m work of this 
nature was of great value for assistance rendered in the simultaneous reduction and also to Mr Peychers who has passed 
the work through the press The index chart at the beginning and the plates at the end of the volume were engraved 
in the Head Quarters Office of the Survey of India Department in Calcutta 

I have much gratification in placing on record here my thanks for the ready co operation of the Telegraph De 
partment in this work It was commenced m 1876 and has been earned on mtenmttently up to the present time and 
on no single occasion has there been any fnction between the officers of the two departments Beady and willing aid 
has always been rendered to the Survey Officers by the Director General of Telegraphs and the officers of his department, 
without which it would have been imnossible ever to have secured this valuable collection of data for the furtherance 
of geodetic investigation 
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G STBAHAN, Colonel, BE, 

Deputy Surveyor General, 

In charge Trxgonometncal Surveye 
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CHAPTER I 

DESCRIPTION OF THE INSTRUMENTAL EQUIPMENT 


1 


The Instrumental Equipment was the same with some trifling exceptions as that described m 
Volume IX of the Account of the Operations of the Great Trigonometrical Survey of India^ but for 
the sake of convemence the description as there given is now repeated with the necessary alterations 
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The Transit Telescopes 

The Transit Telescopes are by Messrs T Cooke and Sons, of York, sister mstruments of nearly 
identical dimensions they are marked No 1, and No 2 One of these is shown in Plate I in position 
for the observation of the reflection of the wires m the mercury trough The focal length is shghtly over 6 
feet, and diameter of object glass the whole of which is effective is 6 mches There are two wire diaphragms, 
one of which carries a smgle vertical, and a pair of honzontal wires — about 1 apart— crossing the centre of 
the field , and the other a set of 26 vertical wires, arranged m groups of 6 each, for the observation of transits 
The latter diaphragm is worked by a micrometer screw, and the former may bo called fixed, although 
there is provision for adjusting its position as required The twenty five vertical wires were conveniently 
named -4, JB, &c , to Y, the central one bemg M their mean distance apart is about 36" 6=2 44 equatorial 
seconds, and the groups are separated by double mtervals The micrometer head (which is hidden m 
Plate 1 by the lamp stand) is comprised of two plates, one graduated to show revoluhons, and the other 
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to mdioaie divisions, of which there are one hundred in the revolution the two plates are connected by a 
set of toothed wheels The value of a revolution was found to be almost identical in the two mstru 
ments, viz , 1® = 33 76 The micrometer head is protected by a cap, which, being screwed on after 
setting to a particular reading insures it against being accidentally moved, and there is a small window 
of talc through which the setting can be inspected lest it should have been disturbed in applymg the 
cap, which is not an unlikely contingency This setting is of great importance, as upon it the collimation 
of the telescope depends A screw (which is also hidden in Plate I) is provided for moving the eye piece 
rapidly across the vertical wires during observations, so that the star may be kept close to the centre of 
the field The set of eye pieces comprises direct eye pieces of various powers, with prisms for obhque 
use, and a Bohnenberger eye piece. A, Plate I, for use with the mercury trough The latter eye piece 
has been invariably used for all work, including star transits, its shape beuig convenient for the obsorva 
tion, m a sitting posture, of stars close to the zenith 

Two kinds of wire illumination are provided — Is^, the ordinary dark wires m a bright field and 
2»(i, bright wires in a dark field, the arrangement being as follows — A lamp is placed opposite one end 
of the transit axis, which is perforated and fitted with a lens, whence that end is designated the “ Illu 
minated Pivot ’, a term constantly used to define the position of the instrument When obseiving, a 
second lamp, though not required, is always placed opposite the other end of the axis to neutralise any 
effects of heating on the instrumental adjustment , see Plate I In the centre of the axis there is a light 
plate, revolving on an axis at right angles to both telescopic (optical) and transit axes, (cut out in the 
centre so as not to interfere with rays from the object glass) and capable of being moved through an 
angle of 46°, by a rod passing along inside the tube of the telescope with a handle projecting close to the 
eye piece In the centre of the opening in this plate and therefore at the intersection of the optical and 
transit axes of the telescope, a small silver reflector is placed at the end of a fine supporting arm 
When the plate is inclined at 45° to the transit axis, the light from the illuminating lamp is reflected 
directly on to the wiies by this small reflector, and the result is a bright field with dark wires When 
the plate is turned so that its plane coincides with the transit axis the light of the illuminating lamp is 
inteicepted by a set of four mirrors which are attached to the plate, and reflected towards the eye piece, 
between the telescope tube and an inner tube provided for the purpose these four sets of rays con 
verge slightly, so as to stake upon four prisms which are attached to the frame carrying the wire dia 
phragm two on each side of the telescope, slightly above the plane of the wires The latter prisms 
again reflect the light at righ+ angles so that the rays are brought nearly into the plane of the wires which 
thus become illuminated by the light fiom the prisms on each side, the field remaining dark Both 
kinds of illumination are fairly satisfactory 

There are two setting circles, B 9, attached to the tube of the telescope, one on each side near the 
eye end each 7i inches in diameter they are graduated to 20 minutes with verniers reading to 1 minute, 
and each is provided with a coarse level These circles are not permanently fixed to the telescope tube, 
but can be turned round and "lamped in any position, which admits of a change of adjustment for setting 
by declinations direct, or by zenith distances, &c , when the instrument is set up for use at a new station 
There is no piovision for clamping the telescope when set 

The object glass is fixed in its cell so as to be pinched at three points only, and the cell, instead 
of being screwed into the telescope tube, has close contact with it only at three equidistant points where 
it 18 attached by screws, an arrangement which admits of the object glass (complete m its cell) being put 
on m three different positions 

The frame of the telescope consists of three principal pieces, viz , the axis, C, the object half, i), 
and the eye half E Inch pack separately for travelling The shape of the axis is a central cube of 
mches side supported by conic frusta of 9f inches axial length and 9J inches in diameter at their junction 
with the cube, tapering to 3 mches diameter, and terminated by enlarged cyhndncal shoulders, 3f inches 
diameter and inches wide, into which the steel pivots are fixed, the axis having been shrunk on to 
them The pivots are 1 9 inches diameter, perforated by an openmg 0 9 mch diameter, and they pro 
jeot 1 9 mches from the axis shoulders The total length of axis is thus 87 3 mohes, while its length from 
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shoulder to shoulder is 88 5 inches the thickness of the metal is about 0 37 inch throughout the cube 
and cones which were cast in one piece, the cube bemg stiengthened by internal ribs The conical parts 
were turned both inside and out to ensure as perfect symmetry as possiblev. The weight of the axis is 
about 66 tbs Of the four faces of the cube parallel to the axis one pair are perforated by openings of 
3J- inches diameter, to allow of inter collimator observations while the transit telescope is m position 
These openings can be closed with caps, F, Plate I, and they are crossed by spokes which support the 
illuminating plate already described In the other pair of faces openmgs of 6 8 inches diameter are cut 
for the attachment of the telescope half tubes 

The two halves of the telescope are each attached to the axis by 12 powerful steel bolts 
which pass through a flange at the base of each tube, Oy (?, Plate I J inch thick and projecting 0 7 inch, 
and screw into the metal of the cube Each tube is further steadied by its flange fitting into a sunken 
annulus cut m the face of the cube The two half tubes are quite plain except that about inches fiom 
the base of each brackets, Jf, jBT, Plate I are cast upon them to support levels which foi leasons given 
in Vol IX have not been used The object halt is about 2 feet 8^ inches long from its base to the outer 
surface of the object glass and weighs (with dew cap but without levels) 32 lbs The dew cap JC is 6 
inches long increasing the length of the object half of the telescope to 3 feet 2^ mches or 3 feet 7| inches 
from the (tiansit) axis of rotation to the eni^of the dew cap 

The eye half tube is only 1 foot lOf inches long from its baso to where it is cut off for the attach 
ment by four brass screws of the ‘ eye end Jj The eye end is composed of two concentric tubes to 
allow of the focussing adjustment which is performed by two opposing screws actmg on a stud M it 
IS 6 inches long measured to the plane of the wires 3J mches diameter and weighs 6 lbs The weight 
of the eye half altogether (without levels) is 40 lbs The total weight of the telescope proper is thus 
65+32+40=137 lbs 

The pivots formerly rested on nearly semi cvlindiical healings N of gun metal of the same length 
and diameter as themselves but cut away in the lower part so that there was contact only on two aics of 
about 60 each The under surface of these bearings was spherical, and exactly fitted the upper sur lace 
of the beds P P , on which they rested and to which they were loosely attached by a bolt passing through 
a slotted hole , so that the whole formed a universal joint which allowed the bearings to adjust themselves 
under the weight of the telescope and insured the equal bearing of the pivots throughout their length 
These were found in practice to be unreliable and were exchanged in 1885 for rigid V shaped bcaiiugs 
of gun metal These new bearings are cast in one piece with their beds P P and rest on foundation 
plates of iron Q Q which lastly arc placed on the masoniy piers P B Each foundation plate Q rests on 
three feet, piojecting very slightly below its lower surface One pivot bed P, has thice foot screws by 
which the level of the transit axis is adjusted and the other P has a provision, S for the adjustment m 
azimuth The pivots are protected from dust by well fitting caps 1 T The weight of each pivot bed 
with foundation plate is about 40 lbs , thus bringing up tlie total weight of the telescope complete to 
137+80=217 tbs 
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Adjusting Telescope and Collimators 

Each tiansit telescope is provided with a small light telescope of 9 or 10 inches focal length, sup 
ported by an axis of 4he same length as that of the large telescope, the object of which is to facilitate 
the adjustment of the collimatois to their proper places before the transit telescope is put in position 
This small telescope has a level attached so that the bearings of the transit telescope can also be approxi 
mately levelled before placing the large telescope upon them 

With each transit telescope is a pair of collimators, each having an object glass of inches 
diameter and 24 mches focal length One of each pan is furnished with a micrometer in the eye piece 
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for measuring horizontal displacements , the other rests on circular bearings on "which it can be turned 
round its optical axis A peculiar feature about the colhmators is the following arrangement, designed 
to prevent lateral disturbance owing to change of temperature Ihe mstrument is leally supported 
on only two legs under its axis vhile it is merely steadied by a third leg projecting to one side, and 
attached to the instrument by a hmge allowing of motion in a liorizontal plane Of the two legs 
under the axis, one rests on its bed in a fixed position, while the other is allowed to move freely in the 
hne of the axis, the foot of the thud leg is allowed play on its bed m any direction Thus when a 
movement of the feet is rendered necessary, by a change of the dimensions of the instrument relatively 
to its supporting pillar owing to a change of temperature, it is assumed that it will take place m the 
Ime of the axis If the mstrument rested as usual on ^hiee feet equally, the direction of such a 
movement would altogether depend on the friction between the feet and ^the pillar The idea is an 
ingenious one, and the stability of both collimators even under extreme variations of temperature has 
been found most satisfactory, a result which may fairly be supposed to be due, at all events m part, to 
this construction 
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The Chronographs 

The chronographs were made by Messrs Eichens and Hardy of Pans, the latter taking charge 
of the electrical arrangements they are cxa^'tly alike marked by the makers A and B and one is shown 
m perspective in Plate II, to which all the references in the following description apply 

The instrument may be said to consist of three parts, all supported by a rectangular foundation 
plate of iron furnished with three foot screws for levelling — 

The clock work, A, for driving and regulating , 

2nd The revolving drum, B, cariymg the paper on which the record is impressed 
3rd The table, and carriage, c, carrying the recording pens 

The regulator is of a novel construction designed by M Poucault It consists of a pair of go 
vemor balls, i), D, connected by a tram of toothed wheels with a small fan revolving on a vertical spindle 
(at the rate of about 80 revolutions per second) inside a fixed cylinder in the circumference of which 
little windows are cut for the passage of air An outer cvlinder, j^, with a corresponding set of windows, 
fits closely over the fixed one, and is connected with the governor balls m such a way by a rod, JF, F, 
that, as the latter rise owing to an increase of speed, the outer windows come into coincidence with the 
inner and allow the air to pass through whereby the resistance offered to the fan is increased and the rate of 
the machine checked The two instruments present a curious difference m the action of this regulator, 
the cause of which could not be traced by the maker himself In one, JB, the outer fan cylinder never 
rests for an instant, but mamtams a constant state of oscillation, while in the other. A, it preserves one 
position pretty steadily for a while, and then shifts to another 

The governor balls revolve on a vertical spindle which rests on a lower cup bearing just below 
Q — ^hidden m Plate II by the driving wheels — and works in an upper bearing m the bar, W, where a cup 
with covering cap is provided for oil The bar, Wf screws on to the upnght pillars, X X 

The connection of the governor with the outer fan cyhnder is effected by the light rod, jP, in the 
following manner — An upright arm, Q is mounted on pivots, which are hidden in Plate II by the drum 
of the driving weight, and carries counterpoises — also hidden — which press its upper end towards the 
governor The upper end is forked, and between the members of the fork the rod jp, is pivoted 
Another rod jBT, is similarly pivoted and extends to the upright spmdle of the governor, where it carries 
a round headed adjustable pm, /, which works m a collar fittmg round the spindle, and attached to the 
governor balls so that it revolves with them, and moves up or down the spindle according as the balls 
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rise or fall with the increase or decrease of speed In the middle of jET at / there is an ad 3 ustable pm 
which fits into a hole m the end of a yoke, JT, thus affordmg a movable joint at J X is itself pivoted 
on the fixed frame work, if, at its other end, and affords a tie to the rod, Mf of such a nature, that so long 
as the joint at J does not rise or fall, the arm, must maintain a constant position 

The outer fan cylinder, X, is hung on a bearing above it — exactly over the vertical spindle of the 
fan — by an open frame work, attached to which is a small projecting horizontal tongue, X, the position 
of which is adjustable The rod, X, rests on L and has a smaU pm which fits loosely m a hole in X, and 
thus provides a movable joint between the two Now if tlie governor balls fly out owing to increase of 
speed the collar with the pm I and consequently also the pm at J, must rise and the upper end of G 
will be brought forward towards the fan cylinder carrying with it the rod, X, Tihich thus by its action on 
X causes the cylinder to revolve X edn be adjusted until the best position of the windows m the outer 
cylinder relatively to those m the internal fixed cylinder has been secured 

The rod, X, is continued beyond G^ and carries at its extremity a counterpoise X, which can be 
screwed along X— through a small range — and Clamped \i herever desired, thus affordmg a means of 
regulatmg the rate of the instrument that is to say, its mean rate as distinguished fiom the uniformity 
of rate the regulation of which is effected by the governor and fan The mean rate will increase as the 
position of N is shifted towards the governor, and vice versd for the nearer N is to the pm I the less will 
be the pressure of the latter upwaids against the collar, and therefore the greater must be the lato of revolu 
tion of the governor to cause the balls to rise The collar is fixed to the lower end of a cylinder, which 
fits lound the spindle and runs over it on two sets of friction rollers 0 0, between which the jointed 
arms F F ai e attached, connecting the cylinder with the balls X, J> On the spindle ai e clamped two 
stops, P, P, to limit the range of the cylinder— and therefore of the balls and collar and when the mstru 
ment is going pioperly the cylinder must always oscillate between these stops without touching eithei 
This condition is ensured by varying the amount of the driving weight which is composed of separate 
discs of lead, while the consequent rate of revolution is regulated by the counterpoise N 

The motion of the governor is communicated to the fan by a ebrnn of toothed wheels as follows — 
At Q there is an enlaiged toothed surface on the spindle which geais on one side with the last driving 
wheel, P and on the other with a small toothed wheel, S, revolving m a horizontal plane Just below S 
on the same axis — to which it is firmly but not rigidly connected — is an exact duplicate of & (hidden 
in Plato II) which runs free of Q owing to its lower level, and gears on the other side with 2\ a set 
of teeth on the spindle of the next toothed wheel, 17 The teeth T are on a lower level than the upper 
wheel, S Lastly the wheel JJ gears with a set of teeth on the spindle of the fan the lower bearing of 
which is at V The object of the duplicate wheel, S, is to save the machinery fiom a dangeious jar m 
case of sudden stoppage such as would occur if the cord of the, driving weight were to break As has 
been stated a slight lelative movement of the two members of S round their common axis is allowed 
for, which is regulated by a stiff spring so as to break the jeik 

The lower bearing F, of the fan spindle requires careful adjustment which however when once 
obtained may be looked upon as permanent unless intentionally disturbed It consists of a conical cup 
bearing with a reheving capstan headed screw under the point of the spindle which can be raised or 
lowered with reference to V, while the whole beaiing can also be raised or loweied and clamped by screw 
nuts Its position should be such that vertical shake of the spindle is just peiceptible to the touch the 
least jam preventing such shake will stop the instrument instantly When proper adjustment of all 
the parts has been seemed, the great secret to ensure a good late is oil — plenty of oil on all the bearing 
surface where theie is friction under rapid motion The lower bearings of all the vertical spindles 
should be plentifullylsupplied, and as they are all cup shaped the supply remains pretty constant 
their uppei bearings also require occasional touching But the most important point is the contact 
between the pm, I and its collar, where from its situation the oil will not remain long In nineteen 
cases out of twenty, when the rate of the instrument decreases, a drop of oil between the pm and the 
collar IS sufficient to set it right again Occasionally the fan makes a screeching noise when the rate will 
at once fall off this is a sign that a touch of oil is wanted on the upper bearmg of the fan spmdle 



8 


ELECTEO-TBLEGEAPHIC LONGITUDESi 


tCHJLF I 


When packing the instrument for travelling, the system of arms, F, G, ^T, are removed m one piece 
by loosening one of the pivots on which G works , the yoke, K, and the fan cylinder, are also taken off 
The bar, JF, is then taken off the upright pillars, X, X, which allows of the removal of the governor m 
one piece, a^ter which 7F is replaced The driving weight is of course taken off and the cord wound np 
The whole of the clock work is enclosed when the instrument is at work in a hght iron framed cover to 
keep out dust which is not shown m Plate II It is fitted with a glass roof and glass window s at the 
sides, which latter draw out and allow the hands to be inserted for putting the clock woik together, or 
taking it to pieces, or for necessary adjustments, and thus the removal of the covei is never necessary 
The winding arbor, Z, piotrudes through a hole m the cover to admit of the weight being wound up On 
the other side — not visible in Plate II— a handle also passes through the cover, and acts by a screw 
on a clamp fitted round the axis of the wheel, B by which the instiument can be stopped When sup 
ported on its usual wooden stand without any hole in the giound for the descent of the driving weight, 
the instrument will go for about 50 minutes hut the cord is long enough to admit of continuous motion 
for about three hours, if the weight is allowed to descend 

The drum is 11 ^ inches wide, 3 feet 1 6 inches in circumference and weighs about 45 ibs Each 
instrument has three spare drums The paper used is inches wide and about 3 feet 2^ inches long , 
it 18 put on with common paste The direction of revolution is shown by an arrow 

The connection of the dium with the driving clock woik is carried out as follows — The axis of the 
last driving wheel B which gears with the governor at Q, and is therefore directly controlled by it, is pro 
longed through the protecting cover at a, to an outer bearing which is not seen in Plate II, being hidden 
by the supports of the drum On a theio is an enlarged fixed nut jS with teeth along the edge of its verti 
cal suiface and there is also a movable nut y, with similar teeth which can be made to gear with /3 or not 
at pleasure by means of a lever (invisible in Plate II) which works on the pm, 8 Rigidly attached to y 
18 a toothed wheel which gears with tne teeth round the edge e c, of the drum Wlien /3 and y are dis 
connected by the lever the drum is cut off from the clock u ork and can be turned as desired by hand 
Tlie clamp to stop the clock work which uas lefcrred to above acts on the axis a 

The axis, C of the drum is very strongly attached to the cylindrical portion by an interior dia 
phragm, and is supported on bearings earned by stout uprights, one of which is seen in Plate II at rj 
The other end of tlie axis, ^ terminates in a toothed, wheel (invisible m Plate II) exactly similar to the 
toothed wheel with which it is connected by a third similar wheel, k so that the drum and 0 revolve m 
the same period The wheel, k can be drawn out pn its axis to disconnect 0 at pleasure from the drum 0 is 
fixed on the end of a long screw spindle which runs thiough the table, \, X, and is seen projecting at fx 

The carriage, C rests on the table X X and is furnished with a clip projecting downwards and 
grasping the screw spindle fi so that a^ 0 and fx revolve the carriage travels along the table from left to 
right The clip can be released by the handle v when the carnage may he moved by hand and placed 
where desired The carriage rests on thiee wheels tt p p and is steadied by three others acting upwards 
against the sloped under surfaces of tho table X , only one of the latter is visible at or, the other two being 
behind the table Ot these wheels tho position of tt only is adjustable, its axis being earned by an arm 
with a hinge at one end and a raising or lowering screw ut the other, by means of which tt can be pressed 
down with more or less foice against the table Such pressure should be employed as to bring the lower 
wheels a- into close contact with the table so that there mav be no perceptible shake of the carnage 
when tested by hand All these wheels have adjustable bearings for their ovm axes, and if ever the 
carnage is taken to pieces for cleaning it is particulaily necessary to put it together again carefully 
without changing the position of similar pieces or a proper fit will not be obtained 

The carnage bears the recording apparatus shewn in Plate II A slab of wood, a, is attached to 
the metal plate 5, and is connected with the carnage by lunges at c, <? A screw (invisible m Plate II) 
below a provides a raising or lowering adjustment to regulate the pressure of the pens on the paper 
On a are mounted two pairs of electro magnets, d d and e e, with adjustments for changing their position, 
and each pair has an armature /,/, earned by aims q g the langes of which are regulated by suitable 
screw studs on the upright bai, A A spring acts against each ai mature pressing it away from the core 
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of its magnet The amature arms are pivoted on an upnght arm similar to h, which cannot be seen m 
Plate H, being hidden by the coils, rf, d, beyond which they extend over the drum, carrying the two 
pens, », j, at their extremities The arms are jomted, and have other nieans for adiusting the pens as 
desired The pens themselves are specially made for ohronographic recorders, so as to carry a large 
supply of ink 

From the ends of the coils of each electro magnet two silk covered spiral wires. A?, Ai, A?, Ai, are earned 
down to bmding screws on the stand of the chronograph at I, whence other wires, m, «, », are led 
away to the batteries, &c , so that one pair, m m, completes the clock circuit, and the other, n n, that 
m which the observer’s key is placed The effect of a signal by break of either circuit is therefore to 
demagnetize the coils in that circuit and release the armature, which is then jerked away by the spring 
provided for that purpose, causing the pen to make an outward jeik e e , away froni the other pen 

The pens can be adjusted to trace parallel lines as near together as desired, or actually coincident — 
the latter being generally the best — the signal jerks being made outwards , but they cannot follow each 
other at a much less distance than haif an mcli lepresentmg about seconds of time This difference 
IS called the ** Pen Equation”, and is always applied as a correction m the reductions 
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The Electrical Arrangements of the Chronographs 

The Electrical Appaiatus is collected on a board called the Commutator board”, and consists of 
(1) a commutator by means of which the various changes in the connections are made as required 
from time to time, (2) a translating lelay \^hich is used for the transmission of clock or othei signals 
through the hne to the far station , (3) a receiving lelay required for receiving the signals from the 
distant station and passing them on to the chronograph if for recod'd thereon, or to the sounder if for 
conversation (4) a tell tale relay required to infoim the observei whether his signals are passing to line 
or not , (6) a talking key, and (6) a sounder for purposes of conversation and conventional signals 
in connection with the work The commutatoi board is conveniently placed close alongside of the 
chronograph on the same stand, and the local batteries are arranged on shelves below it The exact way 
in which these instruments are used will be more fully explained m Chapter III 
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Ohermtory Accommodation 

The observers always carry about with them portable observatories, consisting of canvas roof and 
walls on a wooden frame work with shutters and cm tains to admit of a meridional aperture from the 
ground upwards These observatories are sufficiently large to hold the transit telescope only the chro 
nograph, clock, &c , are otherwise provided for by building pioper shelter, if smtable accommodation in 
existing buildings is not available as it generally is A small room of about 8 X 10 feet is all that is 
absolutely required for this purpose, though more space is convement This room should be as close as 
possible to the observatory tent— say within 10 yards— because the observer is constantly called on to 
visit one from the other Eor the protection of the clock from changes of temperature the shelter should 
be as substantial as may be 
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Buildings for Instruments 

The necessary preparations for observing at a station— assuming the existence of a clock room- 
are confined to bmlding pillars for the transit telescope and its collimators, and one for the clock to be 
hung against when it is not convenient to hang it against a wall of the room The pillars are founded 
2 or 3 feet below the ground level, accordmg to the nature of the soil, and the excavations for the 
foundations are made slightly larger m plan than necessary, so that when the pillars are built there is no 
contact above their base, and insulation from ordinary tremors is ensured The vacant space thus left 
round the pillars is afterwards filled m with dry sand 
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The Transit Tillare and Ohsematory Fittings 

The transit pillars (Plate I) are about 24 x 18 inches in horizontal section from their base to 
about 3 feet 2 inches above the ground, above which they are only 13 J x 13^ inches, the inner face being 
all in one plane, thus leaving a ledge round the other three sides the small upper portion is about 2 
feet high, making the total height of these pillars 6 feet 2 inches They are 2 feet 4 inches apart, and 
are always built of brick, and capped with slabs of stone whvjh are carried about with the apparatus the 
foundation plates of the instrument rest on the upper surface of these slabs, which is polished so as to 
allow the plates to be moved about in making the first rough adjustments After these adjustments have 
been approximately secured, it has been found advisable to put a disc of paper soaked in beeswax under 
each foot of the bed plates, to prevent accidental movement on the smooth surface of the stone When 
the soil 18 yielding it may be advisable to base both pillars on one foundation, so as to distnbute 
the pressure, but on firm soil the pillars may more conveniently bo quite disconnected The foundation 
pits are always connected by a narrower excavation about 18 inches deep, which contains an insu 
lating layer of dry sand of at least a foot in depth, on which the mercury trough is placed in position 
for observation The trough requires to be carefully covered to keep out sand and dust, and is further 
protected by a wooden platfoim — on which the observei^s feet rest when obseiving zenith stars — with an 
aperture over the trough which can be opened or closed at pleasure Even with the gieatcst care 
to protect the mercury frequent filterings are necessary which however is not of much consequence, as 
the operation is always perfoimed by native assistants who seem to take consideiable pleasure m it 

A pan of perforated non staples are built into the masonry of the upper, or smaller, poition of each 
transit pillar, on each of its north and south faces, for the purpose of supportmg upright iron bars passed 
through the perforations, which are left just clear of the brick work These bars rise about 3 feet 
above the pillars, and carry a moveable table to support the lamp Which illuminates the Bohnenberger 
eye piece when mercury observations are being taken, (Plate I) Only one pair of upright rods, one 
on each pillar, is necessary at the same time — or indeed at any time— but it is a convenience foi the 
observer always to have the mstiument m the same lelative position to himself when making meicury 
observations to ensure which he, and therefore the lamp and its suppoits, must change positions fiom 
the north to the south side of the instrument, or vice versa uhen the latter is reversed on its beaiings 
Similar staples let into the outer (east and west) faces of the pillars support stands for the axis lamps, 
both of which should always be kept in position during observation to cancel as far as possible any 
effects of unequal heating 

The equipment of the observatory tent is completed with a set of steps on which the observer stands 
for mercury observations, (Plate I), two or three stools on which he sits while taking transits, and a light 
wooden frame, by means of which four men can lift and reverse the telescope on its beaiings whenever 
desiied with the greatest ease, and generally with hardly appreciable disturbance of azimuthal adjustment 
A table and chair for an observatory assistant, who acts as recorder, are also provided 


4 . 

The Collimator Fillars 

The colhmator pillars are about 30 x 18 inches in plan, founded generally from 2 to 3 feet 
helow the ground suiface, and insulated as in the case of the transit pillars Iheir height is such 
as to bring the axes of the collimators and that of the transit telescope as neaily as possible into the 
fiame horizontal plane, They are built about 3 mches to the west of the meridian of the transit tele 
acope and generdly about 15 feet distant from it This interval of 3 inches from the meiidian is 
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introduced, in order that the steadying foot of the collimator may not fall inconTeniently near the edge 
of the pillai Light and easily moveable frames are provided to cover the colhmators and protect them 
from the weather 
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The Clock Pillar 

The clock pillar is founded and insulated like the others The lower portion is generally about 
36 X 24 inches up to withm a few inches of the ground level wheie it is deci eased to 24 x 24, leaving a 
ledge 12 inches wide in front and earned up at these dimensions for about 6 feet 8 inches The ledge 
18 convenient for supporting the clock when about to be bolted to blocks of wood which are built into 
the pillai for the puipose It is very important that this pillar shpuld have weight or rigidity sufficient 
to withstand the oscillation of the pendulum without vibration, which would have an immediate eiffect 
on the clock late 

All the pillars should if possible be built some little time before they are required to allow for 
settlement and thorough drying, and great care should always be bestowed on the ‘ bond ’ of the brick 
work 


6 

Chronograph Stand 

accommodates the commutator 
battery is generally in the Tele 
which howevei gives no trouble 


A wooden stand is carried about for the cbronogiaph, which also 
board and the batteries for the clock pen, and relay cii cults The line 
graph Office , but occasionally accommodation foi it must be piovided, 
as, if convement, it may be placed outside the building m packing cases 
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Ar'^angement of Wires 

The most convenient arrangement of the numerous connecting wires required, has been found to he 
as follow s — In the observatory tent where only tw o wires are necessary, they are brought down through 
the roof to the outer face of one of the pillais then round the pillar to its inner face, wheie they are 
finally fixed leaving sufficient fiee end for convenient attachment to the observer s key, or tappet, to 
carry Inch when not m actual use a small shelf is affixed to the inner face of the pillar Or as is some 
times more convenient, only one wiie need be mtioduced through the roof m this way, while the other 
may be led back under the surface of the ground as slieu n m Plate I In this case neither wire need 
necessarily be covered, except the ends of one just inside the obseivatory and clock room, and this plan 
therefoie is a good one in case of economy of covered wire being advisable In the clock room all wires — 
including those to the clock, to the observatoiy, to line and to earth — are earned over head and collected 
in one bundle before they are bi ought down to the commutator board thiough a convenient hole, in 
which they are first passed as a bundle and then separated and brought up to their respective binding 
screws Should the line wire be brought directly into the clod room the necessity of having a lightning 
discharger must not be overlooked, and m this case an efficient earth plate must also be provided When 
the obseivatory is close to the Telegraph Office, the line 'wire and earth connections can he made through 
the office commutator, and neither eaith plate nor lightning discharger is specially required As a rule 
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it 18 most oonrenient to make all local, t e , observatory and clock room circuits of metal throughout, 
avoiding the necessity of an earth plate for them 


8 . 

Baitenes 

The “ Menotti ” battery, which is the form adopted by the Indian Telegraph Department is used 
for all purposes, and has the advantages of ^reat constancy while it is easily kept in order It is not so 
compact or portable as some other forms but this is of small consequence in India, as it can be obtained 
by giving a few days notice at any Telegraph OflSce, and need not therefore be mcluded in the portable 
equipment The number of cells required for local purposes in each observatory may be put at about 
sixteen A special Ime battery is only required when the observatory is some distance from the Telegraph 
Office which can generally be avoided and its strength depends on the length and condition of the 
line in use Ten cells are considered sufficient for every hundred miles between the stations 
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CHAPTER III 

SYSTEM OF WOEKING DUEING SEASONS 1886 86 1887 88 1889 90 AND 1891 92 AND THE 
PEOGEAMME OF OPERATIONS 


1 


The System on which the Observations were taken 

There are various ways m which an equipment, such as that described m the preceding pages, may 
be employed in obtaining the difference of longitude of two stations connected by a telegraph hne — (1) 
Each clock may graduate the chronograph at its own station, and the observers (first one and then the other) 
may, by means of their tappets, send a number of signals at arbitrary times to be recorded on both chrono 
graphs The differences of the two clocks are thereby known, and if the error of each is determined by 
the corresponding observer by local transits, the true diffeience of time and therefore of longitude is 
obtained (2) The observations of transits at one station (each alternately) may be transmitted 
through the hne, so that those taken at both stations are recorded on the same chronograph in terms 
of the same clock (3) The signals of one clock (each alternately) may be transmitted, so that a 
record of the same clock time is obtained on both chronographs, while at the same time transits are 
recorded locally at each station , and (4) At both stations (each alternately) the two clocks may be 
made to work the two pens, thereby giving what is called a ** Direct Companson of Clocks ” , their errors 
being determined before or after the comparison by local transits (or preferably both before and after), the 
difference of longitude follows at once Of these methods the third has been employed on all arcs con 
tamed m this volume The alternation of the clocks is necessary to ehmmate the quantity represented 
by p which is the retardation of the electric current along the Ime wire and through the relays The 
elimination is only complete when the retardation of the current is the same m both directions 
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Programme of Each Night's Work 

The programme was always laid out by sidereal time, so that the same stars were observed night 
after mght, a point of consideiable importance both as regards convenience in the observatory and 
advantage in i educing the work, especially with reference to clock rates Six complete nights’ work 
has been usually considered sufficient, though this number has been often exceeded according to the 
observers’ opinion of the trustworthiness of their work Reversal of pivots has been always adhered to 
on systems, which differed atdiffeient times and which will be described m detail m the separate accounts 
of each season’s work Two pairs of circumpolar stars for determining the deviation of the telescopes 
were included m each night s programme and always observed when possible 
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The Electrical Arrangements of the Observatories 

The electrical arrangements for securing the chronographio record and communicating between the 
stations, are as follows —Each pen magnet is placed in a short circuit, with a weak battery, which can be 
connected at pleasuie by means of the commutator, (1) with the clock, (2) with the observer s tappet, 
and (3) with the armature circuit of the receiving lelay which is in connection with the line iMre 
In the first case the pen records the local time and is called the Clock Pen ’ , in the second it is used 
for transits or other observations and is known as the ** Observer’s Pen” , and in the third it records any 
signals transmitted from the distant station and repeated by the receiving relay In the last case the 
signals are generally those of the distant clock used either for the comparison of clocks or for the 
observation of transits A second relay is employed for the transmission of signals through the line by 
translation ’, ^ e , the relay coils are placed with a weak battery in a local circuit, into which the 
clock, or the observers tappet, can be mtroduced as required by means of the commutator, and 
the armature of the relay is in circuit with the line battery and Ime and th is passes on the signals to the 
distant station 


4 . 

Betardatwn of Signals 

It IS thus evident that the retardation of a signal, passing, say, from one clock to the distant 
chronograph, is composed of three parts —(1) due to the translating relay, (2) due to the line, and 
(3) due to the receiving relay, including the pen action, at the distant station A similar return signal is 
affected in the same way by different retardations but of like natuie because the two translatmg relays 
are of the same pattern ahd similarly adjusted , while the same is true of the receiving relays and of the 
pen actions The hne wire of course remains the same in both cases, but unfortunately there are no 
means of determimng whether the rate of signal remains constant in both directions, or whether it is 
affected by the induced currents from neighbouring wues, which are fiequently found to mterfere with 
the clock signals 
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The Ten Equation 

A point in the management of the chronograph which requires attention, is the distance between 
the pens in the line of their (apparent) motion, which cannot be conveniently made much less than half 
an inch, or about the equivalent of 1 6 seconds of time This difference is called the “ Pen Equation,” 
and it has always been deduced and apphed as a correction to the readings To guard agamst errors in 
the assumed value of the equation, a systematic change of pen duties has always been observed for in 
stance, in the middle of every set of transits the clock and observer’s pens are changed, so that for one 
half of the observations the equation is positive, while for the other half it is negative and similarly 
when comparing clocks the pens are exchanged between the local and distant clocks during each compa 
nson The value of the pen equation is deteimined each night by actual measurement of the dis 
tance between the corresponding seconds on the chronograph sheets, when both pens are actuated at 
the same time by one and the same clock 

It 18 necessary to bear in mind that the actual pen equation is the absolute linear distance be 
tween the pens and as this has to be converted into seconds of time before bemg applied as a correction to 
the observations, the conversion must therefore be dependent on the rate of the chronograph Hence, 
when transcribing the chronographio record, that rate must be carefully watched with a view to applying 
a special correction to the pen equation, in cases where the variations of the rate exceed certain limits 
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The Commutator Eowrd 

A simple outline plan of the commutator board is given in Plate III on a scale of about one 
third real size, while symbols for the clock, idiometei, observei’s tappet, chronograph recording pens and 
the several batteries, &o , are added, in order that the various wire circuits may be traced On the com 
mutator boaid, C, O', is the commutator itself, E E the translating relay, S, Si the sounder, J), 2), the 
talking key, and Ey A, a bar which is used as an “earth* , E is the receiving relay, and G a tell tale 
relay which is so arranged as to cause ^he sounder to work while the clock beats are being sent to the 
distant station, a stoppage of the tiansmission of the signals being thus at once notified by the cessation 
of the sounder s action Permanent wire connectiohs between the different instruments on the board 
are shown by double lines , and those wires which are only temporarily attached at each station are mdi 
cated by smgle lines 

The commutator, C, C, and the switches, Jf, N are each composed of plates of brass which are 
mounted on blocks of ebonite so as to be perfectly insulated from each other the separate plates are 
shaded The circular indentations, with numbers for reference, indicate holes between the plates which 
can be filled at pleasure by the msertion of pegs, so as to bring two plates into connection The letters 
on the several plates indicate the parts of the apparatus with which they are connected, either perma 
nently, or by wires attached temporarily to binding screw s provided for the purpose, all of which can be 
traced in Plate III Thus the plates marked Ac, Be, and Ec are connected by wires to the copper poles 
of the batteries for A and B pens and the translatmg relay respectively , while Az, Bz, and Ez are simi 
larly connected with the zinc poles of these batteries K is connected with a wire which passmg through 
the break circuit apparatus of the clock is carried to the earth E, E J is similarly connected with the 
star frame of the idiometer, while a second wire attached to the wiie frame of the same instrument 
IS carried to the earth O is intended for the observei’s tappet— or signallmg key— and can be 
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connected with the one used at the transit telescope, or at the idiometer, as required, by means of the 
switch, N The hue wire is attached to Z The plates similarly lettered, vtz , three marked Zg and two 
marked Ag^ are connected by bars passing underneath the ebonite mounting The plate marked Be 
which 18 mconvemently placed for the attachment of a temporary wire, is permanently connected to the 
binding screw marked Be The two plates without any marks are simply dummies through which other 
plates can be connected The long plate marked B' is connected with the earth, B, JSt and the latter is 
furnished with a number of bmding screws for attaching several wires The latter plate is called the 
‘ earth * because it is introduced as a oonvement means of completing the commutator local circuits which 
are all purely melalhc Por the purpose of Ime signalhng a real earth plate is required, and E, E is 
connected therewith as shown 

The followmg are the ordinary combinations effected by the commutator m the course of observa 
tions, the connections of which can be readily traced by reference to Plate III Ibe pegs used for 
completing the various circuits are numbered consecutively throughout the commutator and the 
switches if, N 


No I 


II 


III 


IV 


The clock recording time by pen A, 

it it a 


Pegs 6, 4, 8 

2, 10 


Determination of pen equation, clock time being recorded 
simultaneously by both pens on the chrQnogiaph, Pegs 2, 14, 8 


Observation of transits with local clock — 
Observer, pen A clock, pen j5, 

„ JB „ A, 

Observation with the idiometer — 

Observei, pen A clock, pen JB, 
a B ,, A, 


Pegs 26, 20, 17, 8 2, 10 
„ 25, 16, 10 6, 4, 8 


Pegs 26, 20, 17, 8 2, 10 
„ 26, 16, 10 6, 4, 8 


VI 

VII 

VIII 


Clock comparisons both clocks recording time on the chronograph — 

Local clock, pen A distant clock, pen B, Pegs 6, 4, 8 23, 22 19, 10 

,, B „ A, „ 2, 10 23, 22, 18, 8 

Transmitting clock signals for use at the distant station. Pegs 1, 9 

Observing transits and transmitting clock signals to distant station — 

Observer, pen A clock, pen E, Pegs 26 20, 17, 8 1, 12, 10 

„ JB „ A, „ 26, 16, 10 1, 13, 8 

Observing transits with clock time received from the distant station — 

Observer, pen A distant clock, pen E, Pegs 26, 20, 17, 8 23, 22, 19, 10 

„ B „ A, „ 26, 16, 10 23, 22, 18, 8 


IX For talking or interchanging conventional signals. Pegs 23, 24 


It will be noticed that m all of the combmations given above the different circmts combined are 
brought into one simple circuit, so that a break of circuit at any point entirely stops the current m the 
whole There is no branching of circuits, which should always be caiefully avoided 

The commutator affords the means of measurmg the retardation due to the local instruments, by 
causing the clock time to be simultaneously recorded on the chronograph by both pens, one worked by 



18 


BLBCTEO-TBLBGRAPHIO LONGITtTDES 


[Chap III 


the clock direct and the other through the translating tell tale and receiTing relays, which is done thus — 

A pen direct B pen through relays, Pegs 1, 13, 8 23, 22, 19, 10 

B „ A „ „ 1, 12, 10 23, 22, 18, 8 

If the retardations of the receiving relays and of the chronograph pens could be looked upon 
as respectively equal at the two stations, it is evident that the above experiment would give an exact 
measurement of the retardation of a transmitted signal recorded on the distant chronograph, only except 
mg the retardation of the Ime wire Unfortunately such equality cannot safely be reckoned upon, 
but the experiment should piove a useful guide m testing th/) condition of the adjustments of the local 
relays 
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Belahons mth the Officers of the Telegraph Department 

Throughout the operations all the Officers of the Telegraph Department whose co operation 
has in any way been required, have continually shown the greatest courtesy and readiness to give every 
assistance in their power In many instances the prosecution of the longitude observations has un 
avoidably caused considerable trouble in the several Telegraph Offices involved , but this has invariably 
been cheerfully undertaken, and the relations of the officers of the two departments have always been 
most cordial 
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Arcs measured dunng Seasons 1886 86, 1887 88, 1889 90 and 1891 93 

Diagrams illustrating the arcs measured each season will be found m the detailed account of the 
operations of each season It may be remarked here in passing that the system hitherto in force of so 
selecting the stations for longitude observations as to form triangular circuits, has been adhered to as 
being the only really reliable means of gauging the accuracy of the results 
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Deduction of the Observations 

An abstract of the observations and the reduction of the results are given for each season separately 
m tabular form Pull explanation of these tables and of the methods employed m carrying out the 
reductions contained therem will be found in Chapter V All these reductions were made under the 
superintendence of Colonels G Strahan and W J Heaviside, Captain S G Burrard and Lieutenant 
G P Lenox Conyngham 

The object held m view in drawing up the tables, was to afford all the data necessary for any 
reader who might wish to examine the reductions and reproduce the results arrived at 

The geodetic elements of the several stations of observation are given in the Appendix, at the end 
of the volume and in the case of stations connected with the Principal Triangulation of the Great 
Trigonometrical Survey of India by special minor triangulation, an abstract of the latter is furnished 
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CHAPTER IV 
PERSONAL EQUATION 
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Method of Determination 

The relative personal equation of the observers has always been determined by the observation of 
* d;iVlded transits in which both observers use the same telescope, one taking the transit of a star over 
the first ten v ires and the other completing the observation of the same star over the last ten wires, 
whence by reduction to the central wire, a value of personal equation is at once obtained This method 
repeated with numerous stars — the observers alternating their order of observation— affords an excellent 
value of their relative personal equation It has long been known that the value of personal equation 
may be influenced by very slight causes, prominent among which mayVe reckoned the direction of a 
stars motion across the field, whether from left to right or right to left, and its apparent velocity 
Two distinct equations have consequently been recognized in these observations If an observer 
using a diagonal eye piece seats himself at a telescope with his fate to the north, stars will cross the field of 
view apparently fiom nght to left , if on the other hand he places himself facing south, stars will cross 
apparently from left to right and in general with faster motion (owing to their lower declination) 
than m the former case The term * aspect * is used in this volume *to mdicate the direction of 
the observer s face and therefore of the star s motion, but it does not necessarily agree always tvith the 
position of the star with reference to the zenith, because a star very near the zemth may be observed 
equally conveniently under either aspect In determining the personal equation therefore an approxi 
mately equal number of stars were observed under both aspects, and two separate equations obtained to 
be apphed to transits of stars of N and S aspect respectively 
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Consequent Precautions 

In consequence of this twofold equation, it is evident that each star should be observed at both 
stations undei the same aspect, and m the case of stations diffexmg but httle m latitude no difficulty 
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anses, but if tbe difference of latitude is great, a star which is considerably south of the zenith at one 
station may be considerably nortli at the other It becomes necessary therefore to avoid usmg any stars 
withm certain limits of decimation, whenever the latitudes of the two stations of observation differ by 
more than S' or 4°, for supposing the stations to be nf apart in latitude, and to be the hmit (which 
may be considered as about f) within which each observer can convemently observe a star with a false 
aspect— t e , as north when it is really south of the zenith, and mce t?^r«(^there will be a zone of 
of declination within which no stars can be used 


3 


Employment of the Idvometer 

A full description of this instrument, designed by Lieut Colonel W M Campbell, for the pur 
pose of measuring the absolute personal equation of an observer, will be found in Volume IX, Chapter V, 
Section 9 It was supposed that its employment would act as a check on abnormal variations of peiso 
nality, and that the results deduced by it might be incorporated with those obtained by the usual method 
of divided transits This expectation was not fulfilled, great discrepancies were found to exist between 
the two systems and the idiometer has not been used during the four seasons under review 
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Eemnal Eqmtwt tn transcnhng the Chronograpke Becords 

The chronographic record is transcribed— that is converted into a numerical record— with the aid of 
a glass scale of diverging lines, by which the position of a star’s transit signal between two second signals 
of the clock can be measured m tenths of a second, n hile hundredtlis may be readily estimated by eye It 
IS evident that there is some room for the effect of a personal equation in this operation, which was 
guarded agamst througliout the measurements contained m this volume by the records of both stations 
bemg always transcribed by tbe same person, so as to ehminate any constant equation of reading 
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Bnal Bemarh 

The remarks in this and the preceding chapters apply to the operations of each of the four seasons 
contained in this volume As the work proceeded, small changes m matters of detail suggested 
themselves, and to render these clear it will be more convenient to the reader from this point 
to give a separate account of the work of each season, showing how the experience of each contnbuted to 
improvements in the foUowmg one 
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CHAPTER V 

DETAILED DESCRIPTION OP THE METHODS OP OBSERVING AND OP REDUCING THE RESULTS, 
WIIH lULL EXPLANATION OP THE TABLES 
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Instrumental Constants 

Wire Intermls The whole system of transit viies — twenty five m number — is attached to the 
miciometei slide by means of which the cuitial wiio of the system can be placed m a position of no 
collimation error or as is geneially more convenient in a position for which that eiror has been deter 
mined The usual practice was to obseive the transit of each star ovei the fifteen cential niies but it 
was a very common occurrence to miss one or moie wires and the custom was frequently vaiicd pur 
posely for instance when it was desirable to observe two stars of nearly the same right ascension the 
first fifteen of the twenty five wiies were used foi the fust and the last fifteen for the second star 
Iho combination of these circumstances, mz the readily adjustable collimation erroi of the central wire 
and the frequent variation m the groups of wiies over which transits were observed led to ilie system of 
reducing the observation on each wire to the central wire in prefeience to using the mean of the wiies 
For this purpose the equatorial intervals between each wire and the central wure must be known with 
accuiacy , these weie carefully detei mined in seconds from observations of tiansits of slow moving stars 
These equatorial intervals being known the computation of time intervals for e'very star observed and 
the 1 eduction thereby of the observations to the central wire, can be rapidlv effected This method Ins the 
great advantage of showing at a glance the accoidanco of individual wiie observations m each transit and 
leads to the detection of mistakes — such as observations of wrong stars or mis readings of the chiono 
graphic record — at an early stage of the reductions The stability of the wire intervals was found 
to be satisfactory 

Telescope Mict ometer The determination of collimation and level errors being made by means 
of the telescope micrometer the value of its screw was required and it was considered desirable to 
ascertain the legularitv of the screw thread bv testing this value at different parts of its length With 
this object the micrometer head was first set to zero and the time of transit of a slow moving polai star 
over any one wire noted , then without moving the telescope the micrometer was set on to 100 and the 
time of transit over the same wire again noted Ihence to 200 300 and m succession up to 3,200, a range 
which embraces a little more than the whole breadth of the wire system 
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This process was only carried out m the case of Telescope No 2 With Telescope No 1 the 
value of the screw was determined by measuring with it the wire intervals, the values of which had 
been previously ascertained from transits of circumpolar stars 

Collimator Micrometer Owing to the system adopted for measuring the collimation error of the 
transit telescope, the value of the screw of the collimator micrometer was required m terms of the 
telescope micrometer this was readily obtained by directing the tiansit telescope on the collimator, by 
measuring the distance between the two vertical wires of the collimator, first by means of its own mi 
crometer, and then by that of the telescope 

The foregoing instrumental constants being Lnown, the first operation in actual observations is 
the determination of the collimation coriection for the central wiie, which was carried out as desciibed 
in the next section 
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Determination of Collimation 

In all arcs measured previous to the yeai 1885, the details of which are pimted in Volumes IX 
and X, the collimation of the telescope was tested by reference to a pan of collimators approximately 
horizontal m the following way One collimator, N, always placed to the north of the transit telescope, 
was provided with a fixed pair of crossed wires, while the other, S, placed to the south, possessed a 
similar fixed cross and also two vertical wires moveable by a micrometer The cross of N was always 
placed as nearly as possible in the meridian and that of S slightly to one side, so that the observer looking 
through S saw the two crosses separated by a convenient distance, A, which he measured by the mi 
crometer of S Proceeding to the transit telescope he then observed the cross wire of N and S on the 
central transit wire, obtaining a mean micrometer reading of each The reading of S so found cor 
rected by A converted into teiras of the telescope micrometer, was assumed to give the reading of a 
fictitious point exactly opposite the cross of N collimator and this latter reading being combined 
with the observed reading of N the mean of the two was taken as the reading of the telescope micro 
meter when the central transit wire was exactly colhmited This last reading was named Cq No 
attempt was however made to obseive star transits with the micrometer set at Cq, in order to avoid the 
necessity of a collimation correction, but d convenient round number — called C — was always adopted 
and generally used throughout the observations at a station The difference between Cq and 0*, which 
difference was called c^ was taken as the collimation error of the central transit wire 

The sign of Cq— 0 is always reversed by change of pivots Two detei mi nations of collimation 
error were generally made every night and the mean of the two adopted lor the coriection constant for 
collimation for the night In 1891, however, it was discovered, that owing to the faultiness of the ob 3 ect 
glasses of both the collimators and the telescope, the reading of S corrected by A did not give the reading 
of a fictitious point exactly opposite the cioss of N eollimator, and that it was m fact impossible 
to determine the reading of the telescope micrometer, when the central transit wire was exactly colli 
mated The new plan was introduced of using one value of Cq throughout an arc and the value adopted 
was the mean of the several individual determinations taken during that arc, the effect of any error in 
this adopted value will be cancelled in the mean of observations taken m the two pivot positions of the 
instrument A mean value of Cq per arc instead of a different value every night has been employed m 
the i eduction of all the arcs printed in detail m Part II of this volume This change of method m 
dealing with the collimation constant is most important and necessitated the entire recomputation of all 
the arcs measured previously in India and pnnted in Volumes IX and X The 8 ub 3 ect is however but 
biiefiy dealt with here, as in Pait III of this volume, the cxpeiiments on the object glasses, the reasons 
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for the adoption of a mean value of Cq, and the results of the recomputation of all previous arcs are 
given m full detail 


3 

Diurnal Aberration 

The efPect of the diurnal aberration on the time of a star’s transit was not lost sight of, although 
for all tlio arcs measured — or indeed for any ever likely to b^measuied — that effect is inappreciable when 
the observations taken at both stations aie cdbibined The correction for diurnal aberration is a constant 
quantity for each station, and as it must, like that for collimation, be multiplied bysecant of each stai s 
decimation to obtain the correction in time for that star s observed tiansit the two corrections may be 
combined The correction used foi aberiation was ~ o 0207 X the cosine of the latitude, and this, 
conveitcd into teims of the micrometer and applied to c^ gave c, which was used as the correction 
constant for collimatioif and aberration combined for each night 

4 


Determination of Level Error 

The dislevelment of the instrument uas always obtained by the use of a mercury trough Suppos 
ing the telescope to be peifectly Ic'velled, then the centi il wire if collimated, will exactly coincide uith 
its reflection from the mercuiy when the telescope is diiected towards the nadir, and if the levelling be 
distuibed by a certain angular quantity, the wire must be moved by the micrometer through a space 
representing the same angle, m ordei to regain coincidence with its reflection This coincidence was 
always observed several times the mean miciometer reading being called M, it is evident that the 
dislevelment is the difference between M and Cq (the reading of no collimation error) this difference is 
called b and is the level coriection constant for combination with the constant for each star to correct 
the time of transit for dislevelment The sign of b is governed by the same considerations which apply 
to Cl as already explained As a lule three determinations of dislevelment were made each night, and 
their mean used to obtain b for all the star obseivations of the same night, but occasionally the means 
of the first and second, and of the second and thud, were used for the stars observed duiing the corre 
spending intervals The mean value of Cy foi the arc was employed, as being the most reasonable 
determination any error in the value will cause a corresponding eiror in the dislevelment, but this will 
have no effect on the value of an arc, resulting fiom the mean of obseivations taken in both pivot 
positions of the instrument, as with IDE the level correction constant is (Cy — M) and with ID W 
it is (M - Co) 

An abstract of collimation and level determinations is given in Table I for each season, the ar 
rangement of which will be readily followed with the help of the foregoing explanation, while to 
facilitate reference, a recapitulatory explanation of the symbols employed is given immediately preced 
ing the table 


5 

Table II — Dedwitwn of Deviation Correction from Star Observations 

In order to determine the azimuthal deviation of the transit telescope from the meridian, two 
pairs of circumpolar stars were always observed when possible one star of each pair being observed at 
upper culmmation, and the other at lower culmmation These were so arranged that one pair oulmmated 
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near the beginning and the other near the end of the night’s work Table II contains the values of 
deviation corrections deduced from these observations When a star is designated by a number followed 
by a name, such as Groombridge, the reference is to the Catalogue from \ihich the star was taken Ihe 
first eight columns require no explanation beyond a remaik that the same clock was always used for 
both stars of a pan , on rare occasions, however, when one of them was observed m the middle of a set 
of tiansits which weie being lecorded with the time transmitted from the distant clock it was more 
convenient to use that clock for the azimuth star also although its companion star had been observed 
with the local clock Ihe clock employed is noted by the letter in the column headed “ Clock m use”, 
and when both clocks were used for one pair of stars, the observed time by the distant clock is entered 
in brackets, in column 10 , with the corresponding local time belcw it the latter being deduced by means 
of the clock comparisons which were always made W lien both stars of a pair were observed with the 
distant clock no such conversion is requiied Ihe quantity A in column 9, is the azimuth constant for 
each star, equal to m sin i sec 8 — whoie i is the •zenith distance, positive when south and negative vhen 
north 8 the declination and m a constant numoiical factor for converting divisions of the telescope 
micrometer into seconds of time m will be refeiied to ag iin This formula gives the sign proper to A 
under ill cii cumstanccs, if the declination of a lower culmination be considered the supplement of the 
actual declination 

The Observed Time of Tiansit”, m column 10 is the mean of the times observed on 
all wires aftei the reduction of each to the central wire The “ Corrections for Collimation and Level ’ , 
columns 11 and 12 , aie those obtained by multiplying the corresponding correction constant given m 
Table I by tlie proper constants for each s^ar viz w sec 8 for collimation and m cos^ sec 8 for level, 
the symbols being as above The stais in Table II being all well known, it was not thought necessary 
to enter their declinations but the approximate latitudes ol the stations aie given in order to facilitate 
the 10 computation of the coirections if lequired The factoi m was introduced because the collimation 
and level coriections weie originally obtained in teims of the miciomcter and it was more convenient to 
retain that denomination — and employ it for the deviation collection also — than to conveit into seconds 
diiectly The values of the telescope micrometers as determined by obseivation fiom time to time* vaiied 
so slightly that the mean value i div = o 0225 (equatoiial) has always been used for both instiiiments, 
therefore m — o 0225 Column 13 contains the ‘ Coricction for Pen Equation Q lequirtd to leduce the 
observer s record on the chronograph to that made by the clock it was daily obtained by obseivation 
as explained in Chapter III, Section 6 The ‘ Coriection for Clock Kate , column 14 is required for 
the interval between the transits of the tv^o stars foiming a pair , it was always applied to the later obser 
vation, and the interval v as so small tl at a very accuiate knowledge of the rate was not necessary 
Column 15 headed ‘ Seconds of Corrected Time of Transit’ contains merely the sum of the 
quantities in the five preceding columns the seconds only being enteied The ‘Kight Ascension”, 
in column 16 was computed from the Nautical Almanac in the case of stais found therein for other 
stais it was computed by the Quantities for correcting the places of stars’ or, previous to 1891 by 
Airy s Day Numbers In the lattei case the teim involving the longitude of the moon was not lost sight 
of but it was never used in the reduction ot Right Ascension as its effect on the stais employed was found 
to be inappreciable When a lower culmination was observed, the computed Right Ascension at the time of 
observation increased by twelve houis, is entered 

The Appaient Clock Corrections , m column 17 — being the differences between the two pi ecedmg 
columns — afford the means of computmg the deviation coirection erj as follows —Let AT be the true 
clock correction while At and At^ are respectively the collections obtained by the upper and loiier cul 
minating stars of a pair then we have the two equations AT = At — Aa^, and AT s= Atj — A^ a^ (wheie 
A and A^ are the values of the azimuth constants for the two stars respectively) by combining which 
AT 18 eliminated, and there remains one equation from which — expressed in teims of micrometer 


* Vtdt page a of Pari 11 of thu Tolume 
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divisions — 18 deduced, and entered m the next column The sign of a is positive or negative, accordmg 
as the plane of rotation of the telescope cuts the horizon to the west or east of the north point and thus 
the quantity Aa aflEbrda the correction for deviation to be apphed to the time of transit of any star, for 
which A IS computed by the formula given above 

During the last arc of the season 1886 86, when both telescopes were at Debra Dun, advantage 
was taken of the natural suitability of the place to erect a meridian mark and this latter was used in 
preference to Star Observations for the determination of the Azimuthal Deviation In 1892 on the 
Dyzabad-Dehra Dun Arc, when one telescope was at Dehra Dun, the meridian mark was again made 
use of The northern horizon of Dehra Dun is hounded by a range of hills, which fulfil all the con 
ditions necessary for the site of a meridian mark Their crest line is some 4000 feet higher than the 
astronomical observatories in Dehra Dun and never less than 9 miles distant Signals on these 
hills appear well defined images in a telescope at Dehra Dun adjusted to stellar focus, and any small 
erior in the position of the meridian mark itself can exercise no appreciable effect upon the determi 
nation of the azimuthal deviation The exact point of the crest hne of the hills that is situated on the 
same meridian as the longitude station of Dehra Dun was determined by Lieut Colonel G Strahan 

a pillar was built over the spot, a mark stone inserted and a lamp shewn from the latter on nights of 

observation During the longitude operations every evening before and after work the observer record 
ed the reading of the micrometer when the meiidian lamp was mtersected by the centre wire of the 
telescope these readings were called Cm 

The azimuthal deviation from the meridian in divisions of the micrometer screw was then found 
from the following formulae* — 

Tor I ^ E a = (Oq — Cm) cosec 84 17 (Oq — M) cot 84 ° 17 , 

IE W a = (Cm— Co) cosec 84 ® 17 + (M — Oq) cot 84 ° 17 

On the four nights that observations were taken m 1886, the readings named Cm and the lesultant 
values of deviation were as follows — 



. * The angle 84 1 7 u (he senith distance of the mendian mark at the longitude station 0 , u the mean reading of the telescope micrometer deduced 

from the soTeral determinations of the oollimation error the latter terms of both formulae is due to the dulevelment of the transit axu the determination 
of vluoh together mth the meaning of the ^bol M are explained in Section 4 of thu chapter 
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In 1892 on the six nights that observations were taken on the Fyzabad-Pehra Dun Arc, the read 
mgs named Cm and the resultant values of deviation were as follows — 


Arc 

Station 

Date 


Ck 

a 

1 


March 

15 

IPW 

1497 I 

d 

-»9 3 

< 


a 

16 

IPW 

1489 3 

-37 I 


8 






W 

H 

J 

t 

17 

IPE 

1524 3 

- 8 0 

2 

y 


18 

' IPE 

1526 3 

— 10 3 

9 

t) 

n 

H 

j 

19 

20 

IPE 

IPW 

1528 5 

1512 1 

-13 4 

- 4 4 

[ 
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Table III Abstract of Observed Values of Personal Equation 

Table III contains an abstiact of the individual values of personal equation observed during the 
seasons 1885 86, 1887 88 1889 90 and 1891 92 by the method of divided transits with the same telescope, 
as described m Chapter IV The heading of the table shows T\hich transit telescope was in use and the 
results are entered in two groups according as the stars observed were of north or south aspect lastly the 
observations are entered in three columns under the dates on which they are made, the first giving the 
number of the star m the British Association Catalogue the second its dechnation and the third the 
difference m seconds of time between the reduced transits by the two observers The letters S H B 
and C symbolize respectively the four observers Colonel G Strahan, Lieut Colonel W J Heaviside 
Captam 8 G Burrard and Lieutenant G P Lenox Conyngham, and the subscripts and 8 lefer 
to the aspect of the stars observed The quantity S — H is obtained by subtracting the time of transit 
as noted by Lieut Colonel Heaviside from that noted by Colonel 8trahan, and must he added algebrai 
cally to Lieut Colonel Heaviside s observations to make them comparable with Colonel 8tiahan s 


7 . 

Table IV Deduction of the Final Values of the Relative Fersonal Equation 

In Table IV the mean results of Table III are abstracted in two divisions, according tq the 
aspect of the stars observed the dates, telescope used and mean values of the equation are given 
The final values of the equation adopted for use m the reduction of the observations foUow the table 


8 


Reduction of Star Observations — Explanation of the Terms 8L — p and 8L + p 

In Table V the star observations are given m abstract, and their reduction is earned out to the 
determination of the quantities 8L — p and 8L + p 8L ^ p (generally) is the difference between the 
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corrected tunes of transit of the same star over both meridians, the time at east bfemg always snh- 
tracted from that at west station Here it is evident that, if the clock in use were rated to keep true 
time and if its beats were recorded at both stations synchronously — and also if there were no errors 
of observation, and no personal equation— then the difference between the times of transit of the same 
star at the two stations would be exactly equal to the difference of longitude But the result actually 
obtained is affected— m addition to errors of observations and personal equation — (1) by the rate of the 
clock during the interval between the transits at the two stations, and (2) by the retardation of the beats 
of the clock transmitted through the wire and relays to the distant station A correction for clock rate 
IS applied m these tables, but the retardation — which is called p — remains for elimination at a later 
period 
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The Sign of p 

The correction for p changes its sign accordmg to the clock m use The retardation always causes 
the times of observations made at the far station, t e , the station receiving the clock heats through the 
line, to appear slow as compared with those obtained fioni the clock at its own station because the 
time at the far station is recorded by beats of the clock, which are generated an instant earlier than they 
are received, the interval being p Therefore whichever clock is in use, p has the effect of increasing 
the time recorded at the distant station and as the difference between the observed tunes of transit 
IS always obtained in Table V by subtracting east from west time, the correction it requires is + p 
when east clock, and — p when west clock, is used It should be noted that the quantity p includes 
all sources of retardation, those arising from the instruments employed in the observatories to generate 
the signals transmitted, or to record those received, as well as the simple time of transmission of a 
signal through the line wire between the stations 

There is no way in which p can he determined separately for each clock, le ,tov the transmission 
of signals in opposite directions through the hue and it is therefore necessary to consider it the same for 
both Any variation from such equality is probably very small in proportion to the whole quantity, and 
as it arises chiefly from irregularities in the action of relays and chronograph pens in the observatories, 
it must be itself irregular, and liable to elimination in a series of observations 


10 


Explanation of Table V 

This table is arranged in groups each exhibiting the results of the measurement of one arc 
The names of the stations and their approximate latitudes and longitudes are entered at the head, 
and below this, the central part of the body of the table is divided into halves — ^the left hand and right 
hand portions being assigned to the observations at the east and west station, respectively outside of 
these to the left and right are some columns common to both stations 
Begmnmg from the left hand. 

Column 1 contains the astronomical date 

„ 2 contains the British Association Catalogue number of the star observed 

„ 8 contams the star’s approximate declination 

Columns A and 9 shew the aspect under which the star was observed at each station , N and 8 meaning 
that the observer sat facing the north or the south, respectively 
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Columns 6 and Id indicate the position of the instrument, and give the correction constants for each group 
of observations The letters I JB E ot IP JF mean that the illuminated pivot of the 
transit telescope was east or west, respectively— a position that was never altered dunng the 
work of any one night except for some of the arcs measured in the season 1886 86 c and b are 
the correction constants for collimation (including diurnal aberration) and level, abstracted 
from Table I a is the deviation correction abstracted from Table 77 , and is generally the 
mean of the several values of a for each night c, b and a are expressed in divisions of the 
micrometer Q is the correction for pen equation in seconds of time, the sign of which 
usually changes after each group 

Columns 6 and 11 contain the mean observed time of transit at each station for each star The 
transit cf a star was generally observed over fifteen wires, the individual observations were 
reduced to the central wiie, and the mean of all is here given These reductions are effected 
by multiplying the known equatoiiaj Tiire intervals by the secant of the declination of the 
star observed, and applying the products to the observed times of individual wires by 
addition or subtraction as the case may be 

Columns 7 and 12 In these columns under the head of Total Correction”, the sum of the corrections 
for collimation level deviation and pen equation, Q, is given With the data afforded, mz , 
the latitude of the station, the declination of the star, the value of the telescope micro 
meter (te , i^ = o 0225, vide page 2 of Part II of this volume) and the constants c b a 
and Qf the separate corrections can be computed, and the quantities in columns 7 and 12 
checked 

Columns 8 and 13 contain the seconds of the corrected times of transit, obtamed simply by taking the 
sum of the quantities in tue two preceding columns 

Column 14 i contains the difference between the corrected times of transit of each star at the two stations, 
east time bemg always subtracted from west 

16 contains the mean of each group in the preceding column 

16 contains a correction required on account of clock rate the quantity in column 16 is a direct 
difference between two observed times by the same clock and is therefore effected by the 
rate of that clock duimg the interval between the observations The corrections for rate 
used m this table are deduced m Table VI 

The quantities in the seventeenth column are obtained from Table IV The last column contains 

the sum of the quantities in the three pre'^eding columns, entered under the head of 8L — p or 8L + p, 

according as it is deduced from observations with east or west clock, respectively 



Clock rate corrections for the intervals between nights of observation were found by comparing 
the corrected transits of the same stars on successive days, and are entered under the head a In 
doing this the effect of change in the right ascensions of the stars observed was not lost sight of but 
this effect was found in all cases to be quite mappreciable For all the arcs measured each observer 
obtained a value of the rate corrections, a for each clock and from the means of these quantities, hourly 
rate corrections, j8, are interpolated for each night of observation The correction to be applied to the 
difference of observed times of transits, is simply the quantity for the night, multiplied by the differ 
ence of longitude in decimals of an hour, and these products are shewn m this table 
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Table VII Deduction of the Dijfeience of Longitude ^ HL and the Retardation of SignaU^ p 
The final results are arrived at m this table 

Column 1 contains the astronomical date, and column 2 which is divided into two parts gives the 
instrumental position* 

Columns 3, 4, 6 and 7 are the results obtained by the metho^ of transits at both stations with the same 
clock and are abstracted foi e^ich date from 1 able V Moans for each instrumental posi 
tion and a general mean follow as before The final value of AX is obtained by taking 
the mean of the final values of AX — p and AX + p which are given at the foot of columns 
5 and 8 The value of p is obtained by taking half the difference of the final values of 
AX — p and AX + p from columns 5 and S 
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Arcs measmed during the Season 1S85 86 

In the annexed diagram tlie aics measured during the season 1885 86 are shown in black lines 
and numbered for convenience of lefeience Ino arcs previously measured "wbieb are itquired to 
make clear the connection of this season’s operations \Mtb foimei work are indicated by dotted lines 
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The descriptions contained in the preceding five chapters apply throughout to the workxif this 
season, and it is only necessary to remark in passing tliat the system ot changing pivots vas ns 
follows — On the arcs nurnbeied (6) (8) and (12) the telescope at the eastern station had its pivots 
reversed in the middle of work every night, {i e between the second and thud groups of stars) and 
that at the western station at the close of each night s observations Subsequently it was dtcided that 
the uncertainty of the telescope taking up at once a permanently stable position immedi itely after 
reversal more than countei balanced the advantages aimed at tiz the systematic variation as far as 
possible of the circumstances undei which the observations were made and on the remaining arcs, 
nuinbeitd (3) (9), (10) (11) (13) and (14) m the diagram the telescope at the eastern station was 
revel sed after the first, third and fifth nights, and that* at the western station after the second, 
fourth and sixth 

In consequence of the magnitude of the circuit errors that had appeared in previous seasons 
it was decided to mtcichange observeis on one '^ic of this wason and also to measuie an (xpeiimental 
arc at Dchia Dun Ihe arc Agra-Amritsar was the one selected foi the intei change of observers 
and accordingly after four nights had been completed Jdajoi Sti ihan moved from Agia to Amritsar 
and Major Heiviside fiom Amiitsar to Agia loui more nights 'v\oik i;\ys then added Majoi btiahan 
using Major Heaviside s clock, chronogiaph and telescope and M ijor llcavisiele using Majoi Strahan s 
The result arrived at bj the observations taken vhen Majoi Strali in was at Agia and Majoi Heaviside 
at Amritsar diffeied from the result when Major Heavisidd was at Agia and Major Strahan was at 
Amiitsar by o 031 On the expuimental arc at Delira Dun tnc two telescopes were placed on the 
same meridian one a few feet south of the other and the wliole pioctdure was gon^thiougb of measur 
mg then difference of longitude the result was most uisappomting the diffeience of longitude 
was known to be o 00 but the final value derived from 120 stars came out o 19 

At the close of the field season 1883 84 owing to the occurrence of objectionably large circuit 
eriors* the two transit instruments had been sent to England to be examined by the makers and to 
have ceitain defects if possible lemedied and Major G Stiahan who was on fui lough in England 
w IS asked to inspect the instruments when the makers rt ported their woik complete through the 
kindness of the Astionomer Hoy al a site was placed at his disposal in the enclosure of* Greenwich 
Observatory shelter was affoided for the telescopes and chronogiaph and electric communication with 
the standard sidereal clock was allowed Major Strahan made an exhaustive examination of both 
telescopes and declared himself satisfied that the mstiumental defects had been removed In October 

1885 a further seiits of expeiimental observations were takon at Agia by Major Heaviside and the 
results obtained were sufficiently satisfactory to justify the resumption of regular operations 

The behaviour of the instruments throughout the season 1886 86 was such as to give eveiy confi 
denoe in their perfection but when the results came to be reduced it was found that there was still a 
mysterious source ot very appieciahle error Out of five verificatory circuits, three exhibited laige errors 
between a quaiter and a thud of a second of time, and the result of the experimental arc at Dehia 
Dun shewed that there might be an error of o* 19 m a single arc A few years afterwards the cause 
of these eirors was discovered {vide Part IV of this volume) and the introduction of a mean value 
of Cq in place of the nightly values as formeily used reduced the average ciicuit erroi of the season 

1886 86 from 0 281 to o 036 the value of the experimental arc at Deliia Dun was also reduced 
from 0 19 to o 07 As is explained in Part IV, the original ciicuit eiiors have been pioved to he in 
no way due to bad observations, but to faults in the object glasses of th( collimators and the effect of 
these latter is so entirely eliminated by the use of a mean Cq, that there was no necessity whatever 


* V ie Section 10 of Chapter VI of Volume X of the Account of ikt Optrationt of the Great Tn^/onometncal Survep of Jndui 
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to re observe the arcs of 1886 86 their reduction, as printed in Part II has been carried out on the 
new method, and their values, as originally computed, have been re3ected and are not shewn m this 
volume Ihe final values given on pages 122-130 of Part II may he accepted without hesitation 

In March 1887 the experimental arc at Debra Dun was re measured in detail on four separate 
occasions, four full nights’ woik being devoted to each measurement On the fiist occasion Capt 
Burrard was at the southein station with Telescope No 1, and Mr Eccles at the noi them uith Telescope 
No 2 during the second measurement Mr Eccles woiked with Telescope No 1 at the southern 
station and Capt Bunard with Telescope No 2 at the noithern The telescopes weie then interchanged 
between the stations, and during the last two measurements Telescope No 1 was north, Mr Eccles 
observing with it on the third occasion and Capt Burrard on tne fourth These four measurements 
being carried out for experimental purposes only, the details of their reduction have not been included 
m this volume The lesulting values of the arc obtained from the observations were +0 01, +0 02, 
•f 0 04, and +0 01, from which it may be concluded that the value +0 07 obtained in 1885 86 was 
unusually large (An error m the adopted value of Personal Equation would readily account for it) 

2 


Personal Equation 

Personal Equation was measured nine times during the season 1885 86 as follows —Firstly at 
Agra between Majors Strahan and Heaviside before the commencement of the longitude uoikpioper 
secondly at Amritsar between Major Strahan and Lieut Burrard then on three occasions at Amritsar 
and once at Mooltan between Major Heaviside and Lieut Bunard Major Strahan also measuied his 
equation with Major Heaviside at Karachi in February, and with Lieut Burrard at Amritsar m March, 
and a'gain at Debra Dun in April The determinations of the value of the equation were made in 
accordance with the system detailed m Chapter IV and call for no special remark An abstract of the 
results 18 given m Table IV^ page 26, Part II, and on pages 27 and 28 vill be found a description of 
the method, that was adopted of dealing u ith the unusual variations, that appeared in the equation 
that season 
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Area measured during the Season 1887 88 

The following diagram illustrates the operations of the season 1887 88 The arcs measured are 
shown as before by black lines and those previously measured by dotted lines One of the arcs included 
had already been observed m 1876 77, and is necessarily represented by both a black and a dotted hne 



There were no changes in procedure from that of the previous season The telescope at the eastern 
station had its pivots always reversed after the first, third, and fifth nights of observation, and that at the 
western station after the second, fourth, and sixth nights 

The arc, Mangalore-Bombay, had been previously measured in 1877, but had not then been 
satisfactorily completed it was therefore re observed m 1888, and the mean of its two measurements 
has been moluded in Part lY m the Simultaneous Seduction of all the Indian Arcs 



34 


BLECTEO-TELEaBAPHIC LONGITUDES 


CCha» VI 


4 


'Personal Equation 

Personal equation was measured three times during the season 1887 88 as follows — Firstly at 
Madras before the comratncement of the longitude woik propei, secondly at Nagarkoil between the 
measurement of the arcs Bangaloie-Nagarkoil and Madras-Nagarkoil, and lastly at Bombay after the 
conclusion of the season s operations An abstract is given in Table IV ^ page 149, Part II, the results 
obtamed from north and south stars being kept separate as usual 
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Arcs measured during the Season 1889 90 

The following diagram illustrates the operations of the season 1889 90 The arcs measured are 
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shown as before by black lines, and those previously measured by dotted lines arcs re measured are 
necessarily represented by both a black and a dotted Ime 

In consequence of the magnitude of the circuit errors that bad appeared in the season 1885 86, 
it was decided that two arcs of that season’s work, vtz Agra-Mooltan and Mooltan-Karachi, should 
be revised in 1889 90 and that an additional arc Agra-Karachi should also be included and measured 
During this season however the effect on the circuit errors of the introduction of a mean Cq into the 
computations was first discovered, and it was then seen that the observations ot 1885 86 gave excellent 
results, and that no necessity existed for rcvismg any of the t*rcs Ihis was not however found out till 
the arc Agra-Mooltan had alieady been revised and Agra-Karachi measured in 1889 but the proposed 
revision of Mooltan-Karachi was abandoned In the simultaneous reduction in Part IV the mean of 
its two measurements has been adopted as the final observed value of the arc Agra-Mooltan the measure 
ment of 1889 90 was not however legaided by the observers as deserving, of the same weight as that of 
1886 86 it was the first occasion that Lieutenant Lenox Conyngham had been employed on astionomical 
observations, and after ils completion the coils of one of Captain Burraids lelays vere found to possess 
an abnormal resistance 
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The Longitude of Kalianpur 

Kalianpur 18 the origin of the Great Trigonometrical Survey of India, the pivot on vhich the 
whole triangulation has been hung it is a small deserted village of no political importance situated in 
the territories of the Nawab of Tonk within three miles of the large city of Siionj It lies near the 
centre of the Indian continent at the junction of the two most important senes of tiiangulation in 
India VIZ , (1) the Great Arc which follows the meiidian of 78° fiom Cape Comorin to the Himalayas, 
and (2) the Great Longitudinal Series that runs from Karachi to Calcutta 

In 1889 90 the distances in longitude of Kalianpur from Agra Jubbulpore and Bombay were 
determined diiectly by electio telegraphic operations and for this puipose a special line of telegraph 
had to be constructed 30 miles m length from Bamora a station of the Indian Midland llailvay to the 
observatoiv at Kalianpur Ihe difference in longitude between Greenwich and Kalianpui has thus 
been directly determined by the electio telegraphic method It was essential that this should be 
done as though Kalianpur had been previously connected by tiiangulation vith Bombay Agia and 
Jubbulpore its longitude as deduced through the triangulation would have been dependent on the 
values of the earth s axes, that have been adopted in the Indian Survey, and v hich are known to be 
in error 
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JPeraonal Equation 

The observers Captain Burrard and Lieutenant Lenox Conyngham met for the determination 
of their personal equation four times duiing the season 1889 90 fiistly at Dehia Dun before the com 
mencement of regular longitude operations secondly at Agra between the measurements of the second 
and third arcs thirdly at Mooltan between the measuiements of the fifth and sixth arcs, and lastly at 
Karachi after the seasons work had been completed An abstiact of lesults is given in lable IV ^ 
page 234 of Fart II , the values by north and south stars being kept sepaiate as usual 
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Arcs measured during the Season 1891 92 

The following diagram illustrates the operations of the season 1891 92 The arcs measured are 
shown as before by black lines, and those previously measured by dotted Imes arcs re measuied are 
necessarily represented by both a black and a dotted Ime 


O Dehra Dun 



The site of the longitude station at Vizagapatam from which the arcs Vizagapatam-Madras and 
Vizagapatam-Bellary had been measured in 1877, had been lost* and was no longer available m 1891, 
a new station was consequently selected at Waltair, within two miles of the old, and four new arcs 


* A Botnan CathoUo Uisbiod School had been erected on the epot. 
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measured from it, the measurement of the arcs Waltair-Madras and Waltair-Bolarum completed 
the network over eastern India and rendered tlie two earlier arcs measured from Vizagapatam 
redundant they are however included among the recomputed arcs m Part II of this Volume, though 
not shown m Plate V, nor employed in the simultaneous reduction 

The telegraph hne from Waltair to Calcutta was 560 miles in length and ran along the coast, 
owing to the amount of moisture in the atmosphere and to the defective insulation of the line, the 
electric currents were very weak, and the observers experienced much difficulty in obtaining satisfactory 
signals, but they succeeded m completing the arc On the following arc Waltair-Jubbulpore, the line 
ran from Waltair ^ Jubbulpore vid Cabjutta^ so that the same length of wire along the coast had to 
be used as in the preceding arc with the 750 miles from Calcutta to Jubbulpore m addition The 
observers hero entirely failed to make any signals pass, and they were compelled to introduce a 
translating station at Cuttack, where the signals from gne observatory were received and passed on to 
the other by means of a relay as was feared this arrangement largely increased the value of p, which 
IS greater on this arc than on any other measured m India 

The arc Bolarum-Bombay was first measured in 1876 76 , it was re observed in 1891 92 because 
its former measurement was somewhat incomplete The result of the observations taken in 1891 92 
differed from that obtained in 1875 76 by o o 8 , a discrepancy that justified the revision 

In 1891 92 the old longitude stations at Calcutta and Bolarum were no longer available owing 
to the encroachments of surrounding buildings, but they vere easily identified, and new sites were 
chosen within a few feet of the old Ihis has necessitated the application of a small geodetic correc 
tion to the value of the arcs Calcutta-Waltair, Waltair-Bolarum and Bolarum-Bombay, as measured la 
1891 92, to enable these latter to be compared with arcs previously measured. 
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Personal Equation 

The observers, Captain Burrard and Lieutenant Lenox Conyngham, met for the determination of 
their personal equation as follows — 1 irstly at Karachi before the commencement of regular longitude 
work, secondly at Bombay about the middle of the season and thirdly at Behra Dun when the operations 
had been brought to a close An abstract is given in Table IF, p&ge 3160 ! Part II, the results obtained 
from north and south stars being kept separate as usual 
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Difficulties experienced in Levelling 

In Section 4 of Chapter VI of Volume X of the Account of the Operations of the Great Tngo 
nometneal Survey of India, reference was made to the difficulty of obtaining distinct reflexion of the 
spider hnes in the mercury trough at Calcutta owing to the extremely unstable nature of the soil a 
tremor, it was stated sufficient to obhterate the reflected image of the wires would be set up on the 
surface of the mercury by the wheels of a passing carriage long before even the sound of the carnage 
could be heard, and a cough or sneeze would often render the image mvisiblo for a second or two 
Many expedients were tried with a view to overcoming this difficulty, but without success The following 
method, which was suggested for use in India by General Walker who received it from a continental 
astronomer^ was adopted to render the surface of the mercury less hable to tremors The mercury 
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IS placed m a very shallow copper trough, the surface of which has been amalgamed with mercury 
by means of sulphuric acid the effect of this amalgam is that the surface of the copper becomes, 
so to speak, “wetted,** and vibrations of the ground are not communicated to the mercury A 
trough was constructed, and on the arc Calcutta-Waltair, measured in December 1891 the above 
method was tried and found to be a complete success perfectly distinct reflexions were obtained even 
when vehicles were passing within a hundred yards As an experiment the ordinary trough was also tried 
at the same time, but with the same result as formerly distinct reflexion was never obtained, and generally 
not even a faint vibrating image was visible till after midnight, when traffic had ceased 

In the trough the depth of the mercury does no exceed i^th of an inch, and it might bo 
objected that owmg to this small depth the surface of the mercury would lose its honzontality but the 
level of the telescope was frequently tested both with the continental and the ordinary trough, and their 
results were never found to differ 
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Future Operations 

It has been proposed at various times to throw a network of longitude arcs over Assam and Upper 
Burma, and to connect Moulmem (at present the most easterly longitude station in India) with Singapore 
and Bankok the connection of Gwadar 'ind Busbire on the Persian Gulf with Quetta and Karachi 
was also at one time contemplated, and the re determmation of the absolute longitude of India, east of 
Greenwich, has been suggested by means of the Teheran telegraph wire These proposals, though not 
abandoned, will not probably be carried out for some years, and so the network of longitude arcs 
thrown over India proper has been treated in this volume as completed, and the circuit errors have been 
eliminated by the simultaneous reduction m Part IV 

The extension of the longitude arcs east and west to Bankok and Bushire will increase the 
amphtude of the Indian Arc of longitude by 18 J degrees the connection with Greenwich vid Teheran will 
be mteresting, as at present our knowledge of the absolute longitude of India depends upon two very 
long arcs, Bombay-Adenand Aden-Suez, both employing a submarine telegraph cable, and also on the arc 
Suez to Greenwich whose accuracy is not yet proved None of these arcs enter into any circuitSi and 
their observed values have consequently not as yet been subjected to any external check 
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EXPLANATION OF TABLM 1 


** Abstract of Detenmnaltons of Oolltmaiton and Leoel Correctton Constants ** 

The method followed in making the observations to determine Collimation and Level correction con 
stants IS fully explained in Part 1 of this volume 

The results obtamed are given in Abs^act in the following table, and the meamng of the symbols used 
therein arc here briefly recapitulated 

The contents of the table are divided into groups one for each arc measured and in each group, the 
left and right hand sides contain data belonging to the East and West stations respectively 

All the transit wires are moveable by the telescope \mcTometer, on the reading of which therefore, the 
collimation of the telescope depends 

In 1884 the Telescopes were sent to Messrs Cooke «jc Sons in England to be overhauled and have the 
Telescope tubes strengthened Among other alterations the micrometer screws of both Telescopes were 
entirely renewed and whereas that of No 2 had previously worked with a reverse motion to that of No 1, 
they were both now made identical m every way 

Column 1 contains the astronomical dates 

2 & 11 contam the names of the stations and indicate the telescope in use at each 

3 & 12 show the position of the telescopes on each day I P E (or fV) meaning Illuminated 

Pivot East (or West) 

4 & 13 Headed C This is the reading of the telescope micrometer, when so set that the centre 

wire IS collimated as found by observation 

5 & 14 H eaded C This is the reading of the telescope micrometer as set during the observa 

tion of star transits The settmg is arbitrary and is generally constant for each station 

, 6 & 15 Headed Cj This is the collimation correction constant It is equal to C — C or C ~C 

when the position of the telescope is / P JS or J P W respectively a mean value of C© 
being used per arc 

7 & 16 Headed c This is simply Cj altered to include the correction constant for diurnal aber 
ration c is used in combination with each starts constant for computing the correction for 
collimation which therefore includes the correction for diumal aberration 

, 8 & 17 Headed M M is the reading of the telescope micrometer when the centre wire and its 

reflection from the mercury comcide 

9 & 18 Headed b This is the level correction constant It is equal to Co—M orM — C when 
the telescope is / P JE,or/ P W , respectively a mean value of C being used per arc 

All these quantities are expressed m divisions of the telescope micrometer head the values of which 
were in 1885 86 as follows — 

s s 

Telescope No 1, 1 divisicm = o oaaaS Telescope No 2, 1 division = o oaa55 
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Note — ^Thc deviation corrections for both Stations of the Expenmental Arc at Dehra Dun were deduced from the readings 
of % meridian mark and not from Star Observations The method of deduction is fully explained in Part I of this Volume 






TABUS III ABSTRACT OP OBSERVED VAITTES OP PERSONAL EQUATION 


Between Majors Strahan^ Eeamide and iMut Burrard 


Obbxbybs yina Tblibcopb No 1 
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z6 TABLE IF DEDUCTION OE THE PINAL VALUES OP THE BELATIVE PEBSONAL EQUATION 


Between Majors Sttahan and Eeavmde 


Bt Stabs of Noktu Abfbot 

By Stabs of South Abpbot j 

0 
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Telescope 

Value of the Equation 
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+ 0 016 
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Between Majoi Strahan and Lieutenant Burrard 
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a 
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a 
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No 1 

1 
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No 1 
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+ 0 04s 

% 
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1886 




1 

Ma h 2 

20 

No 1 

+ 0 205 
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March 25 

20 

No 1 

1 
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+ 0 180 


M y 1 

3 

No 2 

2 
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+ 0 179 

My 1 

3 

No 2 

2 

+ 0 226 

+ 319 

+ 0 223 

Between Majoi Heaviside and Lieutenant Bm i ai d 




- Bk 

“a - Ba 



B8-B3 

H - B 

8 8 


1886 


9 

9 

1886 


a 

a 


Jamary 7 

No 1 

+ 0 07 

+ 0 73 

January 7 

No 1 

+ 0 030 

+ 0 030 


Jam ay 10 

No 1 

+ 084 

+ 084 

J la y 10 

No 1 

4 * 140 

+ 140 


Janua y 16 

No 1 

+ Ma 

+ i 5 » 

Janu y 16 

No 1 

+ 130 

+ 130 


Janu 17 24 

No 1 

+ 126 

+ 126 

J 1 ua y 24 

N 1 

+ III 

+ 121 


Final Values of the Equation Adopted 

The ohscrrations for Personal Equation had a peculiar interest attaching to tliem this season os it was the first occasion on 
which three observers had been mutually concerned In all previous years the accuracy of the final \alue of the equation adopted 
could only be judged of by means of its probable error and this was invariably infinitesimal this season each of three observers 
had determined his relative equation with the othei tuo and a valuable check was therefore available The result was not satisfac 
tory though the probable errors of the finally adopted equations between any two of the observers remained as minute as heretofore, 
the equations themselves contiadictcd each other so that the equation measured directly between Majors Strahan and Heaviside differed 
considerably from that deduced through observations made separately by each observer with Lieut Burrard In consequence of this 
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UNAL VALUES OP THE EQUATION ADOPTED 

idiacordance the deduction of the final values of the equation became a matter of some difficulty the more especially as on some arcs all 
three observers had taken a share in the work it was finally decided that a graphic representation would meet the case and the ac 
companying diagram was constructed the divisions proceeding honzoutally represent two days eacb^ and those vertically hundredthi 



The curves* were drawn as follows — A straight horizontal line was taken to represent the zero or basis from which the 
several equations were measured and as Major Stralian as the only observer who had worked throughout the season and taken 
part in all the arcs his name was attached to it Major Heaviside s curve was drawn nc\t the dates on which he had 
observed for Personal Equation with Major Strahan formed the abscissa of the points plotted and tlie values of the equation on 
those dates the or^nates as however they had only observed together twice vts on No> ember 12th and February Ist Major 
Heaviside s curve is of necessity a straight line joining the extremities of the ordinates on those dates Lieut Burrard s curve was 
plotted last he had observed tour times with Major Heaviside and three times with Major Strahan and thus seven points on his 
curve were known his equations with Major Heaviside were measured vertically downwards from that officer s curve on the dates of 


These hnei are not iQ reality curves but the designation may perhaps bo allowed to pass as sufficiently exact for the purpose 




FINAL VALUES OF THE EQUATION ADOPTED 


observation and his equations with Major Strahan were referred to the zero line The thick black lines at the top and bottom of tho 
diagram represent the dates durmg which the measurement of each arc was earned on and the dotted Imes through the equation 
corves are drawn at the middle of each arc and give the mterpolated value of the Personal Equation to be adopts for that are 
The values thus deduced and finally adopted were, as follows — 
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Hs 
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014 


fSN-By=+ 155 

»53 


rSy - By = + 

(Sg ~Ba = + 
f Sy — By = + 185 

— By = + 168 

rSy-By=+ 199 
|Sg - Bg = + 194 

rSy - By = + 187 

„ DehraDun-Ag™ {s, - B, = + au 

rSy - By =s + I 
( Sg - Bg = + 2 


Amntsar-Peshawar 


Dehra Dun-Amntsar 


Experimental Arc Dehra Dun 


77 

aa; 


In these equations the general symbols S — H and S - B signify quantities which must be added to times observed by 
Major Heaviside and Lieut Burrard respectively before they are compared with those observed by Major Strahan similarly the 
general symbol H~B signifies the quantity that has to be added to times observed by Lieut Burrard before they ean be compared 
with those observed by Major Heaiiside the subsenpts N and S referring to ^hat has been usually called in these volumes the 
aspect* of a star 

The above method of deduction by curves is it may be stated not wholly satisfactory and was only employed as the choice 
of evils It 18 m the first place based upon the assumption that the Personal Equation between two observers vanes with perfect 
uniformity between the consecutive dates on which they observe a most improbable occurrence It gives too an unduly high 
weight to the equation of those two observers whose curves chance to be drawn first the straightness or uniformity of these curves 
depend on the number of points in their path that can be plotted as a bend or change of direction occurs at each and in the curve 
that happens to be drawn last the known points must of necessity largely outnumber those of the second curve In the accom 
panymg diagram for instance only two points were plotted of Major Heaviside s curve being derived from the two dates on which 
he had obsened with Major Strahan in Lieut Burrard s curve not only were the results of his observations with Major 
Strahan plotted but also those of his observations with Major Heaviside durmg the period therefore that all three curves occur 
together only a half weight attaches to the third observer s work If the three observers were of equal experience this would 
constitute a most serious objection to the graphical method of deduction m 1885 86 however it happened that from December 30th 
to February Ist the only period m which all three curves occur together was the first occasion on which Lieut Burrard had 
been employed on longitude work and that the contradictory results were largely due to his not having acquired a fixed habit of 
observing is but a justifiable hypothesis 


• Th Mp«ct f a «ta laid to bo north when the observer itanda on the loiiUi side of the Men facing towards the north. Thu oooaiionidly happens whin 
the star may b« a few sunutea B of the (anlth at transit w4# Vol IX page 89 
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1444 +2833 S 

/*End +328 S 
1485 +1542 S 


4 9 a 30 + 1 60 3 90 S 

>4 38 35 +1 83 40 18 8 


18 3 27 + I 71 4 98 S 
30 30 j6 + 1 61 3a 17 8 


aa 16 39 +1 79 18 18 


4 35 ai so + J SS »1 05 a6 

40 57 65 +1 70 59 35 

44 23 47 + ) 61 24 08 

46 49 73 +* S> *9 

48 35 70 + I 67 37 37 


19 la * « 


1577 + a8 7 N Q~i 63 43619 74 -i 66 18 08 N 

1602 +38*1 N 4031 96 -I 76 30 20 N 

1614 +3233 N 4*5305 “I 70 S' 35 N 

1627 +3315 N 45 3^02 -170 34 32 N 


S 238 S9 -1 44 37 15 36 19 07 
6 50 73 -IS' 49 *a 19 02 


9 II 84 —I 48 10 36 

115472 -148 53*4 


17 ia 57 -I 45 31 la 


1691 + 15 37 S 

1687 + ai £9 8 

1668 + 38 50 S 

1678 - 058 8 


436 19 70 -I 66 18 04 B 

38 4 *5 -* 55 a 70 8 

47 '9 6‘ “* *7 90 8 

51 3 fa -1 66 I 96 8 

5357*5 -* 45 55 7* S 


5 a 38 sa -1 44 37 08 a6 19 04 
4 13 16 “I 38 ai 78 19 08 g 

*33839 -*4* 3S98 *908 " » 

17 aa 57 -i 45 ti la 19 16 * « 

19 16 15 -1 31 14 84 19 14 


1722 57 -I 45 ti la 


for PersL Equatioi 




3UBLJB 7 OBSBEVATIONg OF TBANSITS WITH B CLOCK, AHD UBDUCTION ^ 


OP THE APPAEENT DIPFEBENCB OP LONGHTUDES AL — /» 




DEESA (B) Zat 2^ Id 

lo g 4k 45- «• 

AND MOOLTAN (W) Zaf 3(T U Zong 4* 45- 86* 








Tbanbits Obsebybd ai B 



Tbansits Obsebted at W 

Dif erenoe of 




1 

OTAR 











Corrected Tunes 

0 

ttt 






Sy Strahan tnti Telescope Ifo 2 


Py S vmd with T Us op No 1 

(W- 

B) 

on for Bat 
S Clock 

I’b 0 


1 




In 




" 

In 






1 n 

1 

1 

BAG 

Number 

Deob 

nation 

i 

stPumental 

Mean 

Total 

Seconda 

1 

Btrumental 


Total 

Seconds 



p * * 

1 if 
s 1 ' 

i 

1 


Positi n 
and 

Obecrred 

Corre^ 

of 

Conict 

1 

Position 

and 

Observed 

Correo 

of 

Bjeach 

Star 

of 

1 





1 

Corr cfc on 

Time 

tion 

ed Time 

J 

Correction 

Tune 

tion 

ed Tune 

Group 

6 






UJ 

C n tants 





Con ta ts 







0 


1885 





h m s 

i 

» 



Am 1 

s 

e 

m e 





Deo 7 

1475 

+ 3* 23 

N 

TP W 

4 4* 58 75 

+ > 93 

60 69 

N 

IPW 

4 44 57 57 

+ 1 64 

59 *> 

* 58 s> 


g 

i 

0 

5 


Aungee 

+ 3*59 

N 

d 

0 + 28 

49 36 35 

+ 1 93 

38 29 

N 

d 

0 — 10 

5* 15 >8 

+ 1 64 

36 82 

58 S3 

ifi 

00 

5 

0 

% 


1630 

+ 37 43 

N 

b + 4 4 
« - 4 8 

5* 33 3> 

+ 1 97 

35 *8 

N 

b — 0 6 
a +1^ 4 

543* >7 

+ i 60 

33 77 

58 49 

t c 


+ 






s 


















Q + I 71 





<2 + I 70 










1449 

+ 23 44 

S 


4 35 *6 >9 

+ 1 88 

28 07 

3 


4 38 *4 9> 

+ i 71 

26 62 

» 58 55 


g 

? 



1463 














s 

bO 


+ *3*5 

S 


385* 57 

+ i 88 

S3 45 

3 


4* S® 3* 

+ 1 70 

52 02 

58 57 

' «s 

0 

0 

DO 

MJ 


1505 

+ 1650 

s 


47 *9 95 

+ 1 87 

31 8a 

3 


S© a8 56 

+ 1 74 

30 3® 

58 48 

8 M 


+ 



1602 

+ 38 ai 

N 

« 

Q-i 71 

5 5 41 >8 

-> 45 

4 71 

N 

t 

Q - 1 70 

5 843 IS 

-1 80 

40 35 

a 58 6« 






1614 

+ 3*33 

N 


8 4 41 

-I 49 

* 93 

N 


>* 3 *8 

-i 76 

> 5* 

58 59 


5 

? 

ON 

sS 















00 

0 

0 

ee 


1627 

+ 33 15 

N 


1047 *7 

“I 49 

45 78 

N 


>346 IS 

-1 77 

44 18 

58 60 

t N 


+ 



1683 

+ 34*8 

N 


1921 27 

-l 48 

19 79 

N 


23 20 11 

-I 78 

>8 33 

58 54 






1686 

+ 1943 

S 


5 * 12 24 

55 

10 69 

3 


5 5 *o»94 

~i 69 

9 »S 

3 58 S« 


9 




1594 

+ >3*5 

6 


350 SO 

“> 56 

48 94 

S 


6 49 08 

-I 6s 

47 43 

58 49 

w 

1 

? 
















00 

1 0 

0 

OD 


1637 

+ 21 59 

S 


I* 3* 05 

-> 54 

*9 S* 

S 


*5 *9 78 

— r 69 

38 09 

58 58 

1 n 


+ 



1671 i 

+ >7*7 

S 


17 SI 59 

-I 54 

SO *5 

S 


20 SO S7 

-1 67 

4^ 70 I 

58 55 





Dec 8 

1475 i 

+ 3**3 

N 

I P E 1 

44* 59 «» 

■f I 84 

j 

60 8s 

N 

IPS 

444 57 77 

+ 1 67 

59 44 

3 58 59 


j 

1 



1 

1482 

Aungas 

+ 3^3* 

+ 3* 59 

N 

N 

d 

0+06 

b + 3 > 

« - 5 1 

45 * <>> 

49 36 54 

1 

+ 1 86 

+ 1 84 

4 47 

38 38 

N 

N 

d 

0—06 
b — 0 4 
« + 3 3 

48 i 38 

5335 34 

+ i 66 

+ i 67 

3 04 

37 ®* 

58 57 

5863 

0 ; 

I a 

too 0 — 

i 

p 

+ 

0 

NO 

00 


1580 

+ 3743 

N 

s 

5* 33 

+ i 86 

35 4* 

N 

f 

54 3* 4» 

+ 1 66 

34 »7 

586s 









Q+ I 71 





Q 4- I 70 











Astronomical Date 


TABZS V OBSERVATIONS OF TRANSITS WITH B CLOCK, AND DEDUCTION 
OF THE APPARENT DIFFERENCE OF LONGITUDES, AL - p 


DEtSA (B) Zat M IS Long ^ 48 ^ 6 ^: AND MOOLTAN (W) Lot 80 P 11 Long 4 *^ «» 


Transits Obssbyio at E 

Sg Strakan mth Teletoofe No 2 


55^ strumental Moan Total 
BAG Deoh 5 Poeition nv -i n 
„ , , ^ j Observed Correo ^ 

Number nation * and Correct 


Transits Observed at W 
Sg Heavmde iPtti Teleteopo No 1 


strumental Mean 

Position „ 

, Observe 
and 


Mean Total 
Observed Correc 


Correction Tune tion L T,me 5 Correction Time 



Deo 8 1449 +2244 S I PE 4352643 +179 2824 S I PE 4382512 +169 2681 25857 

1463 +2325 S 0 + 0^6 38 s 8* +> 79 5? 61 8 ^ _ /g 41 S® S4 +169 5223 5862 


1485 4 15 42 8 


a 1 J I 43 >S 08 +i 77 >6 85 S 

47 30 08 +i 77 31 85 S 


46 13 71 +i 70 IS 41 
50 28 76 + I 70 30 46 


t 

+ 3821 N Q - I 71 S 5 41 SI “>56 41 


+ 3* 33 N 
+ 31 >5 N 

+ 34 >8 N 


« 

5 41 SI “> S6 41 97 N ^ - I 70 5 8 42 31 
8 4 72 -I 58 3 14 N 11 3 46 

104756 -157 4599 N 1346 3 > 

19 21 48 -I 57 19 91 N 22 20 34 


842 31 -I 74 40 57 2 58 60 

11 3 46 -I 71 > 73 S8 59 

1346 3> ”« 73 44 S8 5859 

22 20 34 -I 73 18 61 58 70 


5 a 12 43 “I ^4 10 79 S 

3 50 66 - 1 66 49 00 S 

12 31 29 ~i 63 29 66 S 

17 51 91 -I 65 50 a6 8 


5 s II 18 -I 71 9 47 2 58 68 

649*8 -170 4758 5858 

15 29 91 -I 71 a8 20 58 54 

20 50 59 -I 70 48 89 58 63 


1476 +3223 N IP IT 44159 39 +1 76 61 15 N IP r 44458 37 +i 40 59 77 » S* 


1402 + 3631 N ^ 45 3 OS +i 76 4 81 N ^ 

Aung® + 32 59 N « + J ’ 49 37 >> +i 76 38 87 N J + 5 J 


1580 + 3743 N 


S«34 >i +1 76 35 87 N 


48 2 01 +1 39 3 40 


54 32 97 + I 3 a 34 ^9 


1486 + IS 42 S 
1506 + 1650 8 


41 >5 SO +i 77 >7 »7 8 

4730 5 * +> 7 ^ 3 * a 8 8 


4 4« S> » +* 4* S* 5> a 58 SS 


SO *9 34 + < 47 30 81 




IUSZjB t obsehvawons of teaksits with e clock, and deduction 

OF THE APPABENT DIFFEBENCB OF LONGITUDES, AL - p 



B Clock 



TASLM r X)BSBBVATIONS OP TRANSITS WITH B CLOCK, AND DEDTJCTION 
OF THE APPARENT DIFFERENCE OF LONOITHDES AL - /o 


DLLSA (E) Lat HT 25 ' Long 4 * 54 * AND MOOLTAN (W) Z # SO® 22 Lo g 4^ 45^ 56* 


Tbanbits Obbebyei) at E 
Sg St ah w tk T leteope No S 


BAG D cU 
N mb al 


Tbansits Obbervbd at W 
JBg H vmd mth T leteope No 1 


tram tai 

^ j ° t)b rrrtl Co c 


Difference of 
Corrected T m 
(W-E) 


D 0 11 1586 + 19 43 S IPS 5114; 


1694 + 3 JS 


1671 + 17 17 


- 1 79 so 76 


«7S3 -I 74 s* 06 


I P E 55384-184 0 

0 - 0*^6 ^ 5 ® 97 “ 83 49 14 

^ Z]t »S3 67 - 8 39 86 

20 52 25 - 1 83 so 4i 


Dec 12 1476 +3 23 N IPW 442 172 + 84 356 N J P W 445 050 +145 193 5839 

1492 +3<»3« N ^ ^ 45 5 3 +86 76 N ^ / 48 4 17 + 46 5 63 58 47 

Au ig® + 31 59 N ** ® 493927 + 84 4 I N ^ 5*3814 +'45 ^9 59 5848 

1630 +3741 N s 51 36 21 + 1 89 38 10 N t 54 35 13 +1 44 3^56 5846 

Q + I 69 Q + I 76 


84 3 58 N M -P 4 45 0 SO + ' 45 


1449 + 32 44 S 

1463 + 23 25 8 

1485 +1543 S 

1506 +63 S 


4 35 *9 *1 +' 74 30 97 3 


43 17 8 + I 69 19 50 8 
47 » 83 + 70 34 53 S 


4 38 27 9 + I 45 29 36 3 58 39 

4 51 9 +' 45 54 74 S* 4<> 


50 31 65 + 1 45 33 o 


+ 38 21 N Q - I 69 5 5 46 30 -I 48 44 73 N Q - I 70 5 8 45 06 -I 

+ 3*31 N 8 7 40 -I 53 5 87 N II 6 30 -1 


1694 + 13 *5 8 

1637 + ai 59 8 

1671 + 17 17 8 


8 7 40 -I 53 5 87 N 

050 26 -I S3 48 73 N 

1924 25 -I 52 22 73 N 


5 3 51 38 ~i 70 S' 88 
»*34 64 -I 65 3*39 

17547a -167 5505 


8 45 06 - 1 96 43 »o *58 l8 
II 6 30 -I 94 4 38 58 49 

1349 '8 -> 94 47 a* 5*49 

22 23 06 -1 94 *1 13 58 39 


8 852 21 -I 97 5© 34 a 58 56 

153*84 -193 309 * 585 * 

*0534* -* 95 5 * 47 584* 



S8 S4S 





TASZE r OBSERVATIONS Ot TRANSITS WITH E CLOCK AND DEDUCTION 
OF THE APPARENT DIPFEBENCE OF LONOITUDES AL — /t) 


DEESA (E) Lot 15 Long 4" 4S- 54 AND MOOLTAN (W) Xai 30^ 4J Xo ^ 4*^ 45- 56* 


BAG Deoh 
N mb nation 


O^IANSITS ObSEBTKD AT B 
By Sir h w th Tale* op No 9 


Tea\8it8 Obskhved at W 
Bg H emtxd mth Tela ope No 1 


i ‘ Mean T tal ® t ‘ ^ 

Po t o CorMo _ ^ ^ 


M an Total 

Ob rved C rreo 
Tm t 


Correct d T m ^ 

(W - E) ^ 


Mean S » 

"i ''' »' I 

Sta i 


Deo 13 1475 +saa3N IPS 4 42 17 +18 45 N IPB 445 37 +>59 96 

1492 +36^1 N 4S 6 30 +1 84 84 N _ 48 498 +> 59 6 57 


A ngffl + 32 59 N 
1630 +3743 N 


49 4 3 +82 42 3 N 
S 37 a8 + 85 39 3 N 


5 38 93 + 58 4 51 
54 35 94 + 6 37 54 



1440 4 )> 44 S 
14 b 3 + 23 25 8 


1485 ■(■154a 8 
1505 +165 S 


4 3S 3» 24 + ?> 3« 96 8 

38 ss 6 + 2 7 34 8 

43 8 8 + 1 68 48 S 

47 33 9 + I 69 35 59 8 


5 S« 48 g! 


50 3a 46 + 56 34 


« 

4 3821 N <2 - I 63 

+ 3233 N 

+ 33 ij N 
+ 34 *8 N 


* 

5 S 47 a - 1 4> 45 79 N Q- 

8 8 42 - 45 6 97 N 

10 51 a6 -1 44 49 8 N 

19 as 36 -1 43 33 83 N 


70 5 8 46 00 - 1 80 44 20 3 58 41 


- 8 48 


8 58 35 


1594 + 13 35 S 

1687 + 31 59 8 

1671 17 17 S 


5 3 16 30 ~t 56 14 64 S 

1 54 45 - » 59 5a 86 8 

«a 35 06 « 54 31 5* 8 

>7 55 69 -> 87 54 ** 8 


5 S 14 77 -> 83 12 94 a 58 3 

6 5* 97 - *4 5 1 58 37 

5 31 55 - 83 3 7* 58 30 

305431 -184 Sa 37 8* »S 


P nl Equati 




TABLE r CBSBRTATIOITS OF TEANSIT8 WITH W CLOCK, AND DEDUCTION 
OP THE APPAEBNT DIFFBBBNCB OF LONGITCDES AL + f) 


DBBSA OS) Lat 94 15 Long 4 ^ 4 S^ 5 i> AND MOOLTAN (W) Lot 11 Long ^ 45 ^ 58 > 


Travsiti Obshtid at E 
Sg Slraham With Ttlttcope No 9 


BAG Decl 
N mb imUon 


trumentol Mefta 

Po itwn j 

, Obaerred 

Md 


J Com tion ed T m J C mot o 


Tbaitsits Obixrted at W 
Bg Eat \d« vth T Itwop* No 1 


itnimental Total 

P ti 1 

, Obsemd Come ^ 
d Corr 

n Time tion . „ 


Diftereaee of 
Corrected Tunea 

(W-E) 



)«! 7 014 35 u N I B E 6 656 i6 -f 95 58 11 N 

8021 + IS *5 N ^ 8 6 74 +« 96 18 70 N 

2082 + 3034 N ** 1 5 J 18 14 94 +1 95 «6 89 N 


2110 + 3a 3J N 


N I P W 6 9 J5 I + 1 6a 56 73 

N ^ 11 5 66 41 6a a8 

N *^7i3 5 *“3 75 +‘67 «S4» 


aa I 30 + « 94 3 »4 N 


as o a6 -f I 64 i 90 


1871 4 a3 8 S 


5 59 49 6 4 1 86 S' < 

6 a 6 7 4 85 18 I 


6 a 47 94 41 71 49 6s 

S s 44 +' 7» 76 


2067 4 at 43 8 


IS S> 7<» + I 86 S4 56 


'851 43 +' 7 * 55 5 


« « 

2166 4 40 e N Q > 1 7 6 17 s6 67 - 1 41 S5 >8 N - 1 70 6 30 55 6s ~ 1 Bi 


2228 4 41 55 N 

2237 4 34 6 N 

2ir0 4 38 1 3 N 


39 46 03 “I 39 44 64 N 

4a 0 a 4 - 1 45 8 79 N 

48 ao 47 - 1 43 19 04 N 


8505565 -> 8' 5384 

434514 -183 43 3 ' 

45 9 » -' 77 '7 34 

SI 19 49 -I 80 7 69 


2191 4 174s 8 


3a 49 84 - 1 58 48 a6 

4 37 43 - « 80 3S 83 

3 « 33 85 -» <5 3 » *4 I 


6 33 ao S' -I 68 18 83 
354850 -'87 4683 
373606 -16s 3441 

393347 -165 308a 


Deo 8 2081 4* 35 13 N I P W 6 8 6 61 4 1 73 18 34 N 1 P B 6 ii 15 a; 4 1 67 16 94 

9082 43034 N 181466 417a 1638 N 0 11134a 4167 1509 


2110 43138 N J 1 J J 


aa 1 09 41 73 a 8a 


0-06 «'3 4a +>®7 *509 
^ + J } *4 59 90 5. 1 67 61 57 



;CoiTne.f P nl Eqiurttone 






TABLE V OB8EIITATION8 OF TRANSITS WITH W CLOCK AND DEDUCTION 
OF THE APPARENT DIFFERENCE OF LONGITUDES AL -f p 


DEESA (E) I < 15 Lo g 4 49» 64 AND MOOLTAN (W) £ < 50* 11 long 4‘' 46 5^* 


Tbansits Obsbrvsd at E 
Sg 8 t ah mxth T letcop No 9 


Tbanbitb Obbebvbd at W 
Sg S md with Tl te p N 1 


Diffe I 
Cotta tod T net 
(W-B) 


BAG Dech 
Numb at on 


« tnun tal 

^ Po to 
ai d 
C rr t 
” C t t« 


Mean Total Secod^t tal^ 

Ob rved Correc _ Ob rred 0 rec , ^ By ea h ^ 

Oorrvt d C re t Star 

dTm iS Crrot Tm tn Gro p , 

“ C t t 


Does 1971 | + a38 S 7Pr 559489 + n SO 6 S I PE 6 47 6j + 68 49 3 S8 ^ 

1986 I + 949 B _ 6 16 5 + 8 a S _ 5 5 14 + 1 68 69 58 7 


1986 + 949 B 

a a 

2047 + a 34 S ^ J J 


S S* SO + 7 54 


O _ g 5 5 J 4 -r , uo « ^ JO / 

8 r ® J le a 76 + ts 4 44 SS 63 

8 18 5 5 + 68 sa 84 58 6a 

Q + 7 


$ 

2186 +4 0 N Q - 7 637565 -« 67 5483 N Q-iJ 64055 a5 -i 73 S3 S> *5869 

2228 + 4 SS N 39 4S 99 ” 67 44 3» N 4 44 0 - 74 4 96 S8 64 

2 37 + 34 6 N 4 a 06 - 67 8 39 N 45 8 78 - 73 7 05 58 66 

2270 + 38 3 N 481 43 - 67 8 66 N S 9 0 - 73 7 47 588 


2173 + 946 s 
2191 +*7 45 S 


6 30 a 56 - 1 69 9 87 8 

3a 49 57 “ ^9 47 88 B 

34 37 4 - « 70 35 44 8 

36 33 6a - 1 70 3 » 9 8 


6 43 ao 8 -17* 8 46 a 58 59 


37 35 77 ® 


Dec 9 2014 + 35 N IPS 6 6 55 61 + 1 87 57 48 N / P IT 6 9 54 73 + 3* 5® » * 58 63 

2021 + 35 5 N ^ /g 8 6 13 + J 89 8 a N _ 9 + 38 6 57 58 55 

2088 + 3034 844 +85 6 as + »3 4* + 4 4 8a 58 57 

2110 +3»3» N aa 075 +187 a 61 N *4 59 79 + « 39 61 8 5856 

Q + I 7 Q * 7 


1971 +*383 


2067 +*«43 S 


5 59 48 60 +18 

6 a 16 4 + 79 
13 3 74 +» 81 
IS S* '6 +i 81 


6 a 47 54 + » 4* 4® >6 a 58 55 

S S 3 + 46 6 49 58 56 

16 a 66 + 1 43 4 09 58 54 

18 51 la +i 46 5* 58 58 6* 


P r»l Eqoati 



TABLE r 0B8BBVATI0NS OP mSMTS WITH W CLOCK, AND DEDUCTION 
OF THE APPARENT DIFFERENCE OF LONGITUDES AL + f) 


DEESA (h) Lai ar U Long ^ 48^ M AND MOOLTAN (W) i < 30^ 11 Xo ^ 36* 


BAG Del 
Numbe t on 


Tbakbits Obsbbtsd at E 
By St oA antX T I opt Bo 2 


5 C n t n 
“ Co to t 


Tbanbi« Obbbbved at W 

By Jltovmdt wxth T It top N 1 


Sec nd i t .1 

of I* l>o.t 
Oorro t d 

dTim 5 Corr t 

" O to to 


Diff renc of 
Corre ted Tune# 


Dec 9 2166 + 40 o N J P if 6 a; 54 4 + » S4 M ^ ^ S5-a6 


2223 + 41 ss N ^ ^ ^ 

2287 + 34 6 N J J 

2270 + 38 3 N I 


3945 43 -« 48 43 9S N 


48 19 96 -1 50 18 46 


4a 44 69 - a 09 4a 60 
45 8 73 “» 0* >67 


2178 4 1946 S Q o 00 6 30 19 61 40 09** 19 70 S 

2191 4 7 45 8 3M7 37 + 9 47 66 S 

2199 4 nai S 34 35 M +« <>7 35* S 

2208 4 ia49 8 363 S +« 07 3» S8 3 


Q o 00 6 33 30 10 - 1 94 18 6 3 58 46 


37 35 67 - 93 33 74 
39 3* 07 “ > 93 30 4 


Deo 11 2014 4 35 n N I P W 6 6 55 3i 4 1 91 5713 N IPS 6 9 54 33 4 1 61 55 84 a 58 73 


2021 4 3513 N 


2110 4 33 33 N 


S7» + 9] 7 63 N 

4 00 4 84 I IS 84 N ^ I ^ J 


*4 59 a9 4 I 59 60 1 


1971 43388 


5594815 4 71 4996 8 
6 3 15 8 4 1 68 17 49 8 


3 3 39 +« 7« 5 S 

>5S« 77 +i 70 S3 47 S 


6 3 47 03 4 1 59 48 f a a 58 66 

5 »4 S3 + 59 6 58 63 

16 a 31 4 1 59 3 80 58 70 

18 so 61 4 1 59 sa a 58 73 


N Q - I 7 6 #7 55 65 -I 43 54 aa N Q- I 70 63054 6s -I 77 s» 88 35866 

ae 

N 39 45 4 ~ 39 43 65 N 4a 44 - 77 4a 34 58 69 S 


39 45 4 ~ 39 43 65 N 
4a >9 »7 - S3 «7 74 N 


4819 55 -> 46 18 09 N 


45 8 as -I 78 16 47 I 

51 18 56 -1 80 16 76 


Owing to the vrregul nte of the Ohnaogretili the Fen Banehon bed to he epidied grwhicellr on the leoord before the etor signela were rend ofl^ and ( 
sequently m theee oaaee Q • 0 00 


nl Equati 





Astronomieal Date 


TABLS r OB8EBVATIONS OF TEANSIT8 WITH W CLOCK AND DEDUCTION 


47 


OF THE APPABENT DIFFBBENCB OP LONGITUDES AL + p 


DBESA {Wi Lot 2 ^ 15 Lo g 4 ^ 4 ^^ 5 i AND MOOLTAN (W) Lai S(f 11 long 45 


Teansits Obbebted at E 

Sg bi ah mth T leteop No 3 


Teanbitb Obbebved at W 
Ng S outd w th T Itieup N 1 


BAG D U 
Numb t 



M a Total 
ObBorv d Correo 


I t tal 

◄ ^ “ I 

1 C re t n 
® C t f 


ec 11 2178 + 946 S / P IT 6 3 0 90 - 75* »9 >5 S J P 6 31 ; 68 - 


2191 + 745 8 I 


0 _ a 3M8 98 - 77 47 2 
^ -20 8 3436 59 - 8 14 78 


2021 + 35 S N ^ ^ g 8 15 55 + 93 7 48 N _ 

2082 +3014 ^ 18384 + 88 5 7* N 

2110 + 32 32 N 22 o 21 + 9 N 



35 47 67 - 83 I 45 84 

37 35 *6 - 81 j 33 43 

39 3« 73 “I 84 I 29 89 


N 7 P i? 6 6ss 09 +« 93 57 N 7 P r 6 9 54 ©2 + 48 55 5© 


I 4 62 + 1 48 16 0 


24 59 2 + 45 60 6s i 



1971 + 23 8 8 

1986 +1949 8 


2047 + 2234 S 


5 59 48 ©9 + 1 78 49 87 S 

6 2 5 61 + 76 7 39 8 


3 3 *9 + 77 5 06 8 
5 S» 69 + 77 53 46 8 


6 2 46 94 +i 45 48 39 2 58 52 

5 4 49 +» 45 5 94 5* 55 


N Q - I /o 6 27 55 57 


41 54 6 N I Q - 7 6 30 54 66 


39 44 96 " 38 43 58 N 

42 9 *3 - 48 7 75 N 


4 41 99 - 95 4* ©4 


5 »8 4 - 95 ‘6 45 


2178 -f 1946 8 
am + 7 45 8 


630 20 76 -t 65 19 If 

32 4* 83 - 1 67 47 6 
34 36 40 - 69 34 

3632 9 -I 71 31 08 


8 33 9 54 - « 94 7 6© 58 49 

35 47 57 - 94 45 63 58 47 

37 35 5 - 97 33 8 58 47 

39 31 60 - 1 98 29 62 58 54 


58 493 S* 4 3 8 498 ?8 535 




TABLS r OBSEEVATIONS OF TEANSIT8 WITH W CLOCK AND DEDUCTION 
OF THE APPAEBNT DIFFEEENCB OF LONGITUDES AL + p 


DLESA (E) It sr Id Long ^ 48 ^ d4 AND MOOLTAN (W) L t 8(f 11 Long ^ 4S» B6> 


BAG De 1 
N mb riftt 


Tbansits Obbebyed at E 
Sg S( ah n ft th Telueop No 2 

^ t mnontiil Totol 

3 Po it n _ of 

^ , Ob orved C o ^ 

. ad Corroct 

I Corr t n 1“ t* “ dTme 
^ Co t t» 


Tbansits Obbbeted at W 

Bg E mde mth T le op No 1 


Correct d Tunes 
(W-E) 


trum tal 
Po ton nk 


dTme N C ct n 

I “ 1 C t t 1 


Am I A m « 
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43 4 

N 

e 

<2 0 00 

7 31 6 8 

■fo 04 

16 85 

«» 34 7 






2604 

+ IS ‘8 

N 

809 

- 1 6 

59 *9 

N 


3 33 89 

+ OS 

33 94 

34 65 

i 

5 

9 



2517 

+ 3a 6 

N 


9 11 5 

- ( 

3 89 

N 


33 6 54 

+ 04 

6 58 

34 69 

1 

+ 

0 

1 



2663 

+ 334a 

N 


a? 6 IS 

- 61 

4 74 

N 


19 39 3 

+ 0 04 

39 34 

34 60 


1 




2473 

+ S 

1 

8 


7 13 9a 

- f 

1 

8 


7 a* 56 97 

■fO 0 

56 98 

13 34 68 






2483 

+ «S53 

8 


t3 5* 67 

- 61 

5 06 

S 


a6 14 65 

■f 0 

14 66 

34 60 

vj 


9, 

0 

<« 














0 

0 



2493 

+ *7 9 

S i 


SS 8 

-I 6j 

49 8 

B 


38 1 81 

■fo 03 

33 86 

34 68 

1 

■f 

1 



2537 

+ «3 4S 

8 


aa 2 $ aa 

- 6 

aj 6 

8 


34/8 a 

■f 01 

58 a 

34 60 





Dec 27 

2338 

+ 39 3 

N 

IPS 

6 50 40 30 

+ 67 

4 87 

N 

i 

7 J» JT 

7 3 16 76 

—0 08 

t6 68 

i 

• a 14 8 






2381 

2416 

+ 4 5 

+ 3<>S8 

N 

N 

d 

0-33 
b + 0 3 
a ~I7 a 

56 5; 9a 

7 i 6 90 

+ 67 

+ 1 64 

59 59 

*8 54 

1 . 

N ' 

d ' 
e - a 8 
b - 9 

« -*3 5 

9 34 53 

*3 53 53 

-0 e6 

-0 08 

34 47 

53 45 

34 88 

349 

0 

s 

i 

0 

0 

•f 

1 

® 1 
1 

1 


2429 

+ 40 S3 

N 

$ 

3611 

•HI 67 

7 78 

N 

Q 0 00 

»5 4* 64 

—0 06 

4» 58 

34 80 








0+« 64 














2330 

+ 16 7 

S 


64841 

+ « 49 

4* 59 

S 


7 « «7 66 

—0 a 

>7 45 

13 34 86 






2350 

+ *4*9 

8 


5a aa Of 

+ » SS 

*3 S7 

8 


4 58 61 

-0 16 

58 47 

34 90 

5> 


% 

0 

« 


2864 

+ as S 

8 


54 34 88 

+ » S7 

3« 45 

8 


1 

7 «« 5 j 

1 

—0 16 

1 

" 

34 90 

•*> 

i " 

0 

+ j 

0 

1 

a; 


2410 

1 + aa 11 

8 

L_ 


7 0 10 09 

+ I 54 

II 65 

8 


la 46 79 

-0 7 

46 6a 

34 99 


i 
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TABLE r pBSEEVATlONS OF TBANSIT8 WITH W CLOCK AND DEDUCTION 
OF THE APPAEENT DIFFEEENCB OP LONOITUDES, AL + p 


BAG I> cl 
Niunb at n 


AGRA (E) L t ar Iff L g 6 * 13 “ H AND AMEITSAR (yf) L t Bl 8 ff Lo g 4 fl 3 " 99 


Tbansits Obbkbyid at E 
By Se vmd mth T leievpt No 2 


^ tni ent*l ^ t j Sec tod 

5 P tl to j rt 

■*< , Ob erred C rr c _ 

aad C rro t 

e C rre Hon T m t on , , 


S C rre tion ^ “ 

C t te 


Tbaasitb Obbabted at W 
By St A v)Uh T U* oyt N 1 


^ it um nt I ]|j[ 
j P t on 


S C IT t 
“ 0 t t 


Ob rr d C I 

T m t 


D Iferen e of ^ 
Corr ted Time ^ 
(W - E) , 


Seconde 

of By h 


D 0 27 24C4 
2604 


+ 3 * ‘ 

N 

IBS 

7 8 39 63 

“0 04* 

39 59 

4 - 35 8 

K 

d 

- 1 3 

«7 5S 4 

-I 6s 

S6 76 

+ 32 6 

N 

b 03 
-17 a 

9 3 04 

-1 68 

19 36 

+ 33 4 * 

N 

Q-i 64 

27 2 18 

“0 01 

a 6 


2473 -t- n 5 S 

2483 + ij i3 8 

2493 -f 7 9 8 

2837 + I3 4S 8 


7 10 19 98 -0 17* 19 81 8 

*3 49*4 -* ?« 4746 S 

15 48 a6 -1 7 46 54 S 

la ij 79 - 1 8 ao 99 8 


7 la 34 97 -0 *3 S4 74 *» 34 93 

26 2 62 —0 2 22 42 34 96 

28 2 7 -05 21 $6 3S 0 

34 S(> 03 -0 2 ss 83 34 84 


• 39 3 N J P 6 so 37 49 + 1 8s 39 34 N / P AT 7 3 11 9s + 2 o 14 5 12 34 7 


»• 4« S N ^ S6 5S 22 + 1 8s 57 7 N 


2416 4- 36 58 N 
2429 + 40 53 N 


■r i 7 - V . o T I j 

^ -i8 8 ? ‘ 5 98 N ^ J 3486 a 7 so 69 34 7 


m8 + 87 S *5 N 


>5 37 7 + » 9 39 79 


2330 4- 16 7 8 

2360 4- 24 9 8 

2364 4- as s S 

3 Ooin 4 aa 1 1 8 


6 48 38 39 16 4 00 S 

Sa 19 39 + 67 * 06 8 

54 3a a 4- 1 69 33 90 8 

7 0 7 44 4- 1 66 9 to 8 


a 74 +a 00 4 74 I 34 74 

4 53 7* +*03 SS 7! 3469 

766 4-21 8 6a 34 7a 


2464 4 - 3 a I N Q - I 63 7 8 38 S3 - 1 52 37 

2604 + 35 8 N 17 SS 7» “* +8 $4 


2617 4- 32 6 N 
2568 4- 33 4* N 


N <2 0 00 7 21 


«7 SS 7» “* 48 $43 N 

9 8 38 “IS 26 87 N 

36 61 07 - 1 49 S9 58 N 


-o os II 84 12 34 83 


30 28 98 “0 04 a8 94 


39 34 33 "O 04 34 29 


2403 4- a; 9 8 

*88 +1345 S 


7 10 18 90 -I 67 17 23 8 

134636 -165 4491 8 

»8 4SSS -156 43 99 8 

aa ao 09 “i 66 18 43 8 


7 21 sa t6 “0 13 s* 03 I* 34 *0 

a6 19 75 -o M 19 64 34 73 

18 19 00 —o 08 18 92 34 93 

34 53 *6 -01 S3 IS 34 Ja 


* OiHBg to the irregttlur rate of Uio Oluoaogrtph lb* F«n Iqoa^ hod to bB^ipliedgnidtioBUj on tiMNooidbelbie the aUrBigiiBliirm retd offhand mb 
M quoDlily m theeo caaw Q • 0 ook 


Perd. Hqnnhoi 
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TASLS r PBSBEVATIONS OF TEAN8ITS WITH B CLOCK, AND BBDtrOTIOIf 
OP THE APPABENT DIPPBEBNCB OP LONGITUDES, AL - p 


AMB1T8AB (B) Lat 81 8» Ltmg AMD MOOLTAN (W) Lot «0*il Long ^4^86 



Tbakbitb Obsbbyxd xt £ 
JBy JBurr rd, mih T Uioopt Ifo 2 


Tiunsits Obbbeved jlt W 
JBg Sfrahan, v»th T Uoeopo No 9 


Differenoe of 
Corrected Times 
(W- E) 


BAG Deob 
Mnmber nett 


^ itrumental, 
^ Po itlon 
end 


b - ^ 1 

a - 7 I 


1971 + aa 8 S 

198G 1949 S 

*047 +ai34 S 


8156 -f 40 « N 

8288 + 41 5 5 N 

8237 4- 34 6 ^ 

8178 4-1946 S 

2191 4-1746 8 

8199 4- Mai 8 

2808 4 1149 B 


+ 35»S N 
4-3034 N 


1071 4-13 8 8 


Mean 

Qbwrred 

Tune 

Total 

Oorreo 

tion 

Seconds 

of 

0 rreot- 
ed Tune 

1 

1 

In 

•tnimenta] 
P eton 

a d 

Correotion 
Consta ts 

Mean 

Obserred 

Tune 

Total 

Oorre 

1 tion 

Seco ds 
of 

Correct- 
ed Time 

Am t 


* 



h m t 

« 

* 

S S 8 94 

-0 14 

16 80 

N 

IJPW 

6 la 0 99 

4-0 04 

* 03 

6 83066 

-0 IS 

30 5* 

K 

d 

0 — 04 

331481 

+ 0 03 

14 86 

9 SI 18 

-0 IS 

S' 3 

N 

, b 4 - 0 s 
! 0 —10 3 

33 35 34 

+ 0 03 

35 37 

*9 49 45 

-0 17 

49 »8 ^ 

N 

q 4 - 1 66 

33 33 56 

0 00 

33 56 

6 1 aj 48 

—0 19 

33 89 

8 


6 IS 7 6 s 

-0 03 

7 6 a 

3 S) 

-0 17 

; 5 84 

8 


17 15 *9 

-0 ©5* 

35 34 

»4 38 85 

” 9 

! 38 46 

8 


38 33 87 

- 3 

aa 84 

17 a; 09 

-0 18 

a 6 91 

S 


31 9 60 

4-1 63 

II 33 

6 a? 17 64 

-0 14 

I? so 

N 

3 

Q 0 00 

641 1 79 

4-0 04 

1 81 

39 37 8 s 

-0 13 

37 73 

N 


41 IS 00 

+ 5 

13 OS 

41 17 30 

-0 IS 

17 *s 

N 


55 * 56 

4-0 07 

* 63 

43 5< 39 

—0 16 

SI as 

N 


57 35 68 

4-0 03 

35 76 

63 * S* 77 

-0 9 

Sa s 8 

S 


64537 1 * 

-0 05 

37 «6 

34 30 80 

-0 19 

30 61 I 

8 


48 5 »8 

-0 $ 

5 «3 

[ 36 8 3« 

-0 ai 

8 11 

S 


49 sa 61 

-0 07 

5* 54 

38 484 

-0 30 

464 

S 


5*49 03 

-0 07 

48 96 

6 8 33 ai 

4-1 84 

H 05 


I F W 

6 33 6 96 

+ I 67 

8 63 

9 4* 73 

•4 1 84 

44 87 

N 

d 

0—04 

33 37 39 

+ 1 67 

39 06 

*9 4 9* 

4-1 80 

43 7» 


b — 0 4 
^-74 

33 *5 59 

+ 1 65 

»7 *4 





0 + 1 67 

i 



6 1 IS 07 

+ * 7S 

16 83 

B 


6 IS I 38 

—0 04 * 

* 34 

34» 8 * 

4-1 73 

44 53 

8 


17 a 8 96 

-0 OS* 

38 91 

1430 31 

41 75 

33 06 

8 


*8 14 91 

+ I 63 

*6 54 

17 18 68 

4-1 73 

30 41 

8 


3* 3 »9 

+ 1 63 

4 9» 




- ■ ■■ 







* OwiM to the imgnler rote of tlwCairooogiopb tho Pen SfuotK» liod toheeppiM fl•pbo•^f ontlwxoegad MomlAeiUrfkiHijltirmnMoili 
MC|ueBilj in duee omm Q « o eo. 
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mjLBJJS r 0B8EBVATI0NS 0» TBAH81T8 WITH B CLOCK, AND DEDUCTION 
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!tASLJB 7 OBSEBVATIONS OF TBANSITS WITH B CLOCK, AND BBDT70TI0N tfj 

OF THE APPABENT DIFFBBENCB OF LONGITUDES, AL - p 

AMBIT8AE (I) La* St 89 La%s 4^89*89 ikD MOOLTAN (W) Lat SCPll Lot^ <^4S^S9 
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TASli: r OBSERVATIONS OF TRANSITS WITH B CLOCK AND DBDDCTION 


OP THE APPARENT DIPPERENCB OP LONGITUDES AL - p 



srsLEquati 






TASIE V OBSEBVATIONS OP TBANSITS WITH W CLOCK ANIl DEDUCTION 
OP THE APPARENT DIFPEBENCE OF LONOITUDES, AL + p 


AMRITSAE (B) Lat 31 88 ' Long 4 59 ^ SS - AND MOOLTAN (W) Lot S(f 11 Zottg 4Sr 8e > 



Tbaksits Obskbted at E 
JBy Burrard with Teleteopt No 1 


Me a Total 
Ob rrod Cor eo 


Tbahsits Obsebvbd at W 
Bg StroAa with Ttle cop No 9 


I, ' * * Moan T tal 

iS P ti 

^ , Ob rrod Correo 

d 

5 C ire 1 0 ^imo tion 
® Co t* t 



Jan 5 2381 + 41 5 N J P IF 6 jG a 96 + 6 a? ^7 N J P IF 7 6 36 


2416 +36 58N^_^ 7 ^4 9 + 6 4sa N 

2429 +4053^^“^ aaaa+G 3 83 N 

24G4 + 3a I N 8 a 03 + 1 57 3 60 N 


16 4 64 4-t 76 6 40 
a 46 44 -f 1 68 48 la 


6 S3 S8 9 + S4 6 44 I 

59 ^4 08 + sa 35 60 


9 4a 33 + 48 I 43 * 


13 iS 68 + 6 ao aS 44 68 
18 38 44 + 64 40 08 44 54 
a3 a6 8s + i 54 a8 39 44 58 


f 3 3 N 74 


2«04 + 35 >8 N 


2587 + 34S S 


8 SS 44 “ 9 S3 S4 N 
a6 a8 ai *-i 89 a6 3a N 


55 S3 3 44 53 


31 7 05 - 6a 5 43 


I 78 9 86 13 44 54 


46 3» 57 --o ” 3* SS 
49 a 16 -o 07 a 09 


50 3a 61 -o 10 33 SI 


2881 + 4« 5 N IPS 6 56 a3 48 +189 3537 

2416 +3858 N 0 + i**s 7 1 

2429 + 4 S3 N a 1 ,g f » 3 49 + * 89 33 38 


7 P IF 7 10 9 83 4-0 08 9 91 13 44 54 

0 - 0^*4 Ha7e» +*73 *8 75 44 45 

** I.Jg *8 6 a9 +1 76 18 s 44 67 

« ai 48 17 4 1 69 49 86 44 46 


2864 4 33 5 a 


2473 4 la ig 8 


6 54 o 46 4 1 74 a ao 

7 4S5 S4 +* 77 S7 3* 


9 43 94 4 1 66 45 60 


7 7 45 07 4 1 63 46 70 *3 44 50 

16 40 la 4 65 4* 77 44 46 


83 30 10 I -0 14 89 96 I 


to Ute imtakr niB of tbo CluroDOgn^ the Pen Sqaetutt had to be ai#ed gnphiealljr on theaeooid below the etar eignale were read off 
in eaeee « » 0 eo. 


fo PereLEqnati 
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niVMtif in tiiMe oaiea Q • « on 










Tl^LB 7 OBSERVATIONS OP TRANSITS WITH W CLOCK AND DEDUCTION 


69 


OF THE APPARENT DIFFERENCE OF LONGITUDES AL + /) 


AMRITSAR (E) Lat 31 8Sf Lo g ^ 59^ 39* AND MOOLTAN (W) L t 3(f 11 Long 4 46 S6‘ 


Tbassits Obskuted at E 
Bg S rra d mtk T leacope If 1 


Transits Observed at W 
Sg St h « th T I cop N 2 


Dff e 
Corr tod 1 
(W-E) 


i ^ * Mean T t I ® 1 tru t 1 jf T t 1 ® '** 

BAC Decb ^ P t j « f 1 P t n f By I 

_ , . ^ j Ob rr d C rreo ^ ^ , Ob rv d C 

N mbe tod C rrict d C t bta 

•jCrreton *■ IXniJCoroton •'*?" H 

“ C f t “ C t t 


LO 2381 + 4 5 N 

2416 + 36 58 N 


2429 + 40 N “ ° J 


N IP W 6 s6 0 1 + 3 3 33 N 
N 7 0 47 47 + 1 7 49 8 « 

N ^ I a 36 79 +« 74 38 S3 ^ 


N IPS 71 ? it3 4 64 13 4 

N c - /j 43* 0 +i 60 3^ 6 ^ 

9+1 63 aj8i t 


2304 + IS 5 8 

8 G m + aa 8 

2412 + 8 a S 

2173 + a 3 8 


S9 7 4 8 

57 4 * 36 8 

6 1 a S 


2489 +3 3^ Q-» 749 3S “ 77 78 N Q- 6 7»8 3 7^ 

2 04 + 33 8 N 17 9 a “ 73 7 37 ^ 3 3 31 { 

2617 + 3 f b 19 I 87 -I 6 N 3 46 a3 ^ 

2 63 + 33 4 N a6 34 6 - 75 3a 86 N 40 8 98 1 


I ;6 a 0 

73 I 86 


2637 +1345 8 j 

2617 + 7 4 8 

2632 +21 8 


7 *« S3 49 - 9 S 58 


7 35 37 93 8 36 12 13 44 54 

46 4 8 1 - 76 3) 0 % 44 48 


K 41 S N / P 6563 43 + 1 75 34 


2416 + 36 58 N 
2429 + 4^53 E 


+ « 73 S 3 7 N _ ^ 14 35 98 


40 04 75 4a 39 _ g ^ 

a 56 + I 68 14 34 N 


10 7 0 j 

+ 74 

18 76 

3 44 S8 

14 35 98 

7 

37 h 

44 5 

16 5 a6 

+ i 74 

tj 00 

44 b 

11 57 00 

+ » 7 

S8 7 

44 4b 


2364 + as 5 8 6 54 9 3a + 1 63 10 95 8 7 7 S3 9* +' 86 55 58 3 44 63 

SGem +aaia 8 S9 44 ^4 +i 60 46 *4 S 1319 7 +166 3 83 4459 

2442 + 8aS 7 S 4 S 7 +* 8 S 6aa8 8 49 3 + 68 58 44 59 

2478 + a s 8 9 S* 85 + 1 S 3 54 38 8 23 37 36 + 6 38 ;8 446 


* Owing to th irreg lior rate of tile Cbtonograpb th P a Equation had to be applied graphically on the record b fore th tar aignala w ad off and c 

••(ttsnifyiatheieeaiea Q->e 00. 
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TABLE V OBSBEVATIONS OF TBANSITS WITH W CLOCK, AND DEDUCTION 


OF THE APPARENT DIIFEEENCE OF LONOITUDES AL + p 


AMRITSAR (E) L t 31 L g 69 89 ^ AND MOOLTAN (W) Lot 8(f 11 L g 4 ^ 45 ^ 6 


BAG Do 1 
Number t 


Ibavbits Obsebtbd at E 
St/ £ rr d with T I op No 1 


t m U1 Man 

'I Ob rr 

and 

Corre t on ^ ® 
“cut 


Tkansits Obbbbtbd at W 

Bg St h to th T let op No 2 


Sod 2 tnim Ul jjean 

t J P t n , 

r, . ^ j Ob rr d 

C rr t ad » 

odTm .2 0 rrect n ^ 

“ C UU 


Mea o ^ 
of I 


12 2489 + 31 3 N IP W 7 4 3 39 

2504 + 3 Si 8 N / 173, so 


2517 + 3a 16 N 


78 a 6 N 2 i» ] 


»7 33 »o -I 76 3 44 

*9 5 9 - 7 « 4 >a 


3638 39 -I 77 36 J 


7 8 7 77 - 6 s 6 
31 17 60 -I 63 IS 97 

3 a s a 9 - 1 64 48 6 s 

4 33 os -1 64 3 41 


2537 +1345 S 
2617 + 37 4 S 


7 a« S7 59 -« 9 55 < 


3660 34 “I 9> 58 43 S 


7 IS 4> 96 - 7 4 34 3 44 5^ 

46449s -> 43*9 4470 

49 4 39 - 69 7 44 58 

5 44 73 -* 70 43 03 44 6 


2881 + 41 5 N I P E 6 56 38 38 + I s* 39 80 N 1 P W 7 10 aa 57 + 67 34 34 3 44 ^ 

2416 +3658 N ^ 7 0 57 37 + s 5* 77 N ^ 44 54 +165 43 9 44 ^ 

2429 +405? N ** j *4655 +>5* 4807 N ** I ^ ’ 163076 +167 3343 44 ^ 


2464 +33 I N 


8 18 41 + I 47 19 78 N 


33 3 s* +* 64 4 16 


2364 + as s B 


2478 13 IS 8 


6 S4 15 19 41 45 16 64 S 

59 SO ?S +1 4* 5« 77 S 

7 J 10 30 + 1 44 I 74 8 

9 58 6 4 1 38 59 98 S 


7 7 S9 43 4 1 64 61 e6 13 44 43 

>3 34 7 4 63 36 33 44 56 5 

185461 4164 S6 *5 44 S> 

33 43 84 4 1 63 44 46 44 48 


» 9 

2480 4 31 13 N Q - 1 7a 7 14 39 16 -I 97 37 19 N Q - I 7> 7 38 13 40 -1 78 11 63 13 44 43 ^ 

2604 + 15 8 N 17 39 3 -I 94 37 09 3**3 3 -* 76 ** 54 44 45 5 

2668 43343 N *644 34 -I 96 43 38 \ 403865 -177 a6 88 4450 


2537 4 134s S 

2617 4 37 4 8 

8682 4 30 11 8 


7 ** 3 33 -a 04 I 39 8 

33 6 33 -I 99 4 34 S 


35 35 7 -a 03 3369 

37 6 14 -3 03 4 11 


7 35 47 5* -* 80 45 7* *3 44 4* 

465056 -178 4878 44 54 „ ^ 

49 *9 99 -* 79 *8 ao 44 5* g i! 

5050 40 >1 80 48 60 44 49 




I!d^Z£ r 0B8BEVATI0NS OF TBANSITS WITH W CLOCK AND DEDUCTION 


OF THE APPARENT DIFFERENCE OF LONGITUDES AL + p 


AMRITSAR (E) Lat 31 38' Long 4 5P- 59* AND MOOLTAN (W) Zat SO* 11 Long 4 45 jB6 





Tbanbits Observed a^t E 



Tbakbits Obberved at W 

Diff ren 

of 

•g 

a 



Stab 











C rreeted Tun 




s 




JBg JB rrard w th T leteop No 

1 


Xy E itvde *e tk T leteop No 2 

(W- 

E) 

1 

^ M 

^ \ t 


I 




In 





1 






.2 8 

e I « 

+ 

B 




t um tal 

Mean 

Tot 1 

S CO di 

k 

train ntal 


Tot 1 

St da 



13 C 


i 

i 

BAG 

Decli 


P It n 

Ob ed 


of 


P t 



t 

each 



W w 

**1 1 1 


5 

Namb«r 

nat on 


and 



Co act 


d 



C t 




i 1, 





S 

Correct on 
C t t 

T me 

t n 

od Tun 

« 

£ 

C rrect 

C t t 

Tune 

t on 

dim 


Group 

a 

i R R 

a 


1886 





A m 





A m 


$ 

m 1 





Ian 19 

2381 

+ 4 S 

N 

IPX 

6S<>S 8 

41 5 

S» 86 

N 

IPX 

7 0 34 44 

+ 9 

3t> 34 

3 44 48 






2416 

+ 36 S 8 

N 

d 

7 1 9 78 

41 3 

0 8 

N 

d 

»4 53 4 

4 1 86 

55 8 

44 47 

? 


0* 



2129 

+ 4053 

N 

b - 5 a 
-37 9 

*59 0 

41 S 

60 s 

N* 

b - 8 * 
~ 5 

16 48 6 

4 1 89 

44 50 

44 45 

1 

0 

1 

0 

1 

? 


2464 

■H 3» > 

N 


83 9* 

4 99 

3 9 

N 

* 

88 14 47 

4 88 

6 39 

44 38 









Q 41 41 





Q +I 88 










8 Gem 

+ 2J 8 

S 


7 0 3 01 

40 90 

3 93 

8 


7 3 46 S3 

41 77 

48 30 

13 44 37 


rn 






















2442 

+ 88 a 

8 


5 88 88 

40 9S 

*3 83 

8 


19 6 47 

41 79 

8 36 

44 43 

? 

0 

0 



2473 

+ 18 IS 

8 


10 11 31 

4 84 

18 05 

8 


*3 54 76 

41 71 

56 47 

44 4* 

1 

1 

1 

•n 


2489 

+ 3« >3 

N 

« 

Q - 1 4« 

7'4 4« 3 

-1 8 S 

39 *8 

N 

Q-i 88 

7 38 85 58 

-I 94 

23 64 

»3 44 36 



















8 

•f 

W) 

t,. 


2504 

+ 35 «8 

N 


17 SO 91 

-I 81 

49 09 

N 


31 35 44 

-1 91 

33 33 

44 44 



s 

















0 

0 



2517 

+ 38 j6 

N 


9*3 57 

- 83 

81 74 

N 


33 8 09 

- 93 

6 16 

44 4 * 

1 .0 

1 

1 



2663 

+ 33 4 * 

N 


*6 56 38 

-I 88 

54 56 

N 


40 40 86 

-1 98 

38 94 

44 38 






2617 

4 *7 4 

S 


7 33 «8 »o 

-1 88 

i 

16 3a 

8 


7 47 * 6* 

-I 97 

0 65 

3 44 33 

In i 

0 




2632 

+ 80 II 

8 

1 


35 47 77 

-I 91 

45 84 

8 


49 3 * »9 

-8 00 

30 19 
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MtWatljintliMeeMeig - o oo. 


to P rsl Equ»t 





A^taconoimol Dat« 


TABLE V OBSERVATIONS OP TRANSITS WITH B CLOCK AND DEDUCTION 


OP THE APPARENT DIFFERENCE OP LONGITUDES AL - p 


BXPBBIMKNTAL AHO AT DEHHA DCN 


B A 0 Decl 
Numb«r t 


Tiunbitb Obsebtbd at E 

St han w tA Ttlei op N 2 


^ •tru t*l Man Tc 

^ Obecrred C i 

and 


Correction dTmoll C««ton 


Tbakbits Obbebvkd at W 

Bjf S rr rd V) th T Im op N 1 


t m nt I M r t 1 ® 

I *3 ^ Ob rv d C rrec ^ \ ^ 

I d C rr ct 8ta 



1-18 8 I B E * 53 7 ^ 

■ 3 3 S . /j 68 ■ 64 

-3146 B ^ I 3 J '3 48 ?1 

r 38 8 a 36 64 


58 a 64 - 1 64 o 99 8 


IPS 13 44 8 74 -3 

+ 58 3 84 -3 


a 7 <^7 “ 93 4 74 


ItfajrS 4238 +43 53 N J P TT 13 37 48 J9 i( 


N I P £ 3 37 46 75 +34 60 5 -007 


4285 + 4954 N 


33 1 68 + 67 S 35 N 

49 43 43 + 66 43 98 N 


- 38 8 N 44 4 0 + 1 65 43 85 N 

Q + » 64 ^+30 


19 10 5 +3 30 31 8 
44 4 4 * + 1 3 41 73 


3 3341 51 + 60 43 


3 18 8 + ^7 9 75 


43 38 58 +157 30 »5 


a 3 19 67 +3 a 8 43 95 - 07 

as 1 77 + 1 a9 7 06 34 


3 6 8 +3 38 9 46 
35 44 58 +3 a 8 47 86 


37 4 7 +3 9 44 99 
43 36 63 'f 3 3 39 93 


* I * 

>4856 N <3- 6413504 s 8 -163 39 95 N Q -3 13504 


4360 U 31 34 N 


4420 + 4 4 N 

4488 +4045 N 


54 49 09 - « 66 47 43 N 

4 4 37 a - 1 63 35 58 N 

4 49 8 - 63 47 45 N 

6 18 09 -16 6 47 N 

833 74 -I 63 31 11 N 


39 93 -o 0 03 


54503* -391 4740 

«3 4 *8 35 “ a 88 35 47 

4 5 *3 -389 47 34 

6 19 13 -3 90 16 33 

833 90 -a 90 31 00 


4851 4- 8 8 

4373 - 3 3 8 

4387 + SI 46 S 

4803 + 38 1 S 


a 53 17 84 - 70 5 54 

58 3 36 - 1 75 o 61 

13 o 47 94 - 69 46 35 

a a6 34 -I 67 a4 57 


a S3 «8 34 -* 9® >5 44 “O 0 10 
$8 3 35 -a 90 o 45 <> >6 


3 049 01 -a 91 46 

a 87 34 -a 9« *4 43 


P rsl £qiiati 




TABLS r OBSERVATIONS OF TRANSITS WITH W CLOCK AND DEDUCTION 


n; 


OF THE A1 PARENT DII FERENCS OF LONGITUDES AL + p 



* Owing to tho imgulur nto ot Um duonogntpli tbo P«a E^untion had to b« apphod graphtcallj on the noord b«for« th« atar ugnali wan raad off and aon 
10 toM «MM Q • e 00. 


Ckirrection f 





ii8 TABLJSl r OBSERVATIONS OF TRANSITS WITH W CLOCK AND DEDUCTION 

OF THE APPARENT DIFFERENCE OF LONGITUDES AL + p 



* OwtDK to th mg 1 m nte of th« Clironognph tho P«n liq ot o& hi4 to bo oppUod gropluooUy oa tho roeovd boCoro the etw ngMle wen md oS,»&d eon 
wquentljr m time caiec Q » o oo 


P rsl Eq u»ti 





TABLE V OBSERVATIONS OF TRANSITS WITH W CLOCK AND DEDUCTION 


119 


OF THE APPARENT DIFFERENCE OF LO^GITUDES AL + p 



r-l Eq 



AnmU* (E) Agm (E) «d Dew* (E) nd Agn. (E) 

HooltA (W) AmhUiw (W) MooltAn (W) Mooltan > 


120 TABLE r/ DlDUCnON OF CLOCK BATE COEBECTIONS FEOM THE OBSEEVATIONS OF TEANSITS 


betw n N gl U of 
Ob errat out 


Bat« Oorreoti at f r both Clock Deduced from Tran te Ob erred at both Stat one v t 
Oorr t f the Intonr I betw n N ghte f Ob ation and 
Hou Ij C rr t fo N gl t of Ob rr t ns I t rpol t I by m f th Quantiti s 


at £ Station 
for 


at W Stat 0 
f 


D ff ce of T m 


ECl k VVCl k ECl k WCl k 


E Cl k W Clock B Cl k W Cl ck 


Norembe 23 to 24 


+ t - S 98 + 
+ 1 ^6 - 6 33 + 


6 37 N mb 23 + 


25 + so - 


Dec mber 7 to 8 


- 0 13 + — o 31 + o 31 D c 


96 +0 


+ 1 6 + a 40 + 6 

+ a 96 + 5 17 + 3 00 


+ a 17 + a 56 


I 37 D e be 21 - 0 00 + 97 



Januaiy 6 to 6 


+ 6 45 - I 7a + 6 3 - I 70 January 5 + 0 66 - 0 07 

+ 10 33 - 3 74 + 10 55 - 3 49 6+305-061 

+ a48-i3+»6-i 33 9 -*- 33-05 

+ 4 *3 - 4 09 4 >8 - 4 13 10 + 094 - o6J 

+ 4 *5 - S 53 + 4 *4 ~ S S» i> 12 + 088 - io< 


4> 10 8 — II 96 


14 089 - io( 








Moolt n (E) 


TABLE n DEDUCTION OE CLOCK BATE COEBECTIONS FROM THE OBSERVATIONS OF TRANSITS 


I 2 I 


Are 

Approximate Diff rence of 
Longitttd 

Ini rrali 

between N ghte of 
Obierrationi 


Bate Co ect f both Clock D J cd fro t Tra eit Ob ned t both Btat n» «i 

C rre t ne f th I torrals betwee ghte of Ob rrat a d 

8 Hourly Correct one for N ght of Oba t It rpo! t d by mean f th Q 1 1 

tl 

to Ob 

f 

t f 


at E Stat on 

for 


t W Stat 0 
for 

Aatrononu 1 

D t f 

Ob 0 t 

2 for 

Co reel 0 

Diff n 

f Tra 

rred 

moa 

Clock 

ECl k 

WCl k 

ECl ck 

WClo k 

EC 

k 

W Clock 

E Clock 

W 



1 S 86 



a 







188 f 









a 



J ua y 27 to 28 

+ 

4 9 h 

- 

« 3 

4 - 

5 01 

“ 

1 22 

Ja uary 

27 

+ 

208 

- 

0 S 3 

4 - 

61 

- 

006 



28 

29 

+ 

S 

- 

i <8 

4 - 

5 09 

- 

I 19 


28 

4 - 

109 

- 

053 

4 - 

063 

- 

015 























ft a 


29 

31 

+ 

9 79 



4 - 

9 77 




20 

+ 

207 

“ 

S» 

4 - 

of 

- 

•5 



Ja 81 to F b 

2 

+ 

0 5 

4 - 

4 


« 

4- 

3 


81 

+ 

7 

+ 

4 

4 ^ 

061 

4 - 

0 7 



Februa j 2 to 

8 

4 - 

5 46 

4 - 

93 


5 35 

4 - 

84 

F bruary 

2 

+ 

8 


3 

4 - 

64 

+ 

009 














8 

+ 

«s 

4 - 

37 

4 - 

off 

4 - 

01 



February 9 to 10 

•f 

67 


46 

4 - 

7 


3b 

F bruary 

9 


7 


017 

4 - 

001 


0 000 

£ 


10 

11 

4 - 

« 38 

4 - 

0 86 

4 * 

30 

+ 

0 8 


10 

+ 

063 

+ 

9 


000 


00 

gt 


11 

12 

4 - 

57 

4 - 

87 

4 - 

0 s© 

4 - 

0 89 


11 

4 - 

039 

4 - 

035 


000 


000 

* 

0 

12 

17 

4 - 

3 76 

4 - 

3 88 

4 - 

4 3 

4 - 

40 


12 

+ 

7 

4 - 

35 


000 


000 

•S a 


17 

18 

4 - 

» 4 

4 > 

J 4 

4 - 

3 

4 - 

03 


17 

+ 

043 

4 - 

040 


000 


000 














18 

4 - 

53 

4 - 

047 


000 


00 

1 


F b 24 to M 

4 

4 - 

88 S 3 

- 

S» 

+ 

88 74 

- 

3 

F b uary 

21 

4 - 

46 

- 

007 

4 > 

0 ? 

- 

00 

8 

H £ 


March 4 to 11 









Ma ch 


4 - 

46* 

- 

007 

4 - 

3 

- 

003 

e. c 

00 

11 

13 

4 - 

1 88 

+ 

0 59 

4 - 

75 

4 - 

39 


11 

4 - 

38 



4 - 

8 

4 - 

003 

* ► 


13 

19 

4 - 

6 09 

- 

j 65 

4 - 

5 99 

- 

bS 


13 

4 - 

4 


* 


009 

- 

001 



19 

20 

+ 

9 

- 

0 76 

4 - 

45 

- 

0 64 


19 

4 - 

039 

- 

*4 

4 - 

ob 

- 

005 














20 


0 5 

- 

29 

4 - 

00? 

- 

006 

•w 


Ap U 1 to 

2 

+ 

3 3 * 

- 

3 39 

+ 

1 

3 3 * 

- 

3 b 

April 


+ 0 

143 

- 

146 

+ 

1 

- 

03 

s ^ 


2 

8 

4 - 

3 U 

- 

3 46 

+ 

3 bo ; 

_ 

3 55 


2 

4 - 

«47 

- 

4O 

4 - 

0?I 

- 

o?r 























N w 

$ 

3 

10 

4 - 

40 34 



4 - 

4 61 




3 


196 

- 

4 f 

4 - 

4 * 

~ 

03 


1 

10 

11 

4 - 

7 06 



4 - 

7 OJ 




10 

4 - 

» 6 , 

- 

4 

4 - 

057 

- 

30 

1 " 


11 

12 

4 - 

7 oa 

- 

3 44 

4 - 

7 b 

- 

3 8 


11 

4 - 

394 

- 

4 

4 - 

ob 


30 

5 




i 

1 






1 


12 

4 - 

*95 

- 

40 

* 

06? 


03 

■w 

3 


Apnl 20 to 21 

4 - 

0 85 

4 - 

45 < 

4 - 

0 68 

+ 

4 35 

Apnl 

20 

4 - 0 

3 * 

4 - 

«S 


0 000 


0 000 

SE 

V 

21 

22 

4 - 

98 

4 - 

4 38 

4 - 

98 

+ 

4 4 « 


1 

4 - 

3 b 

4 - 

84 


000 


000 

1 Si 

% \ 

» 22 

23 

4 - 

87 

4 - 

4 a» 

+ 

89 

4 - 

4 *« 


22 

+ 

39 


80 


000 


00 



H 28 

24 

4 - 

4 * 

+ 

4 »7 

* 

36 

4 - 

4 *5 


28 

+ 

036 

+ 

176 


000 


00 

1 1 


« 24 

25 

4 - 

35 

4 - 

4 34 

+ 

3 i 

4 - 

4 »9 


24 

4 - 

0‘S 

+ 

•79 


000 


000 






1 








25 i 

4 - 

0 4 


180 


000 


000 



Notx.— 4'or the Dehis D6a BxparuB«Btel Are there are no eloek rate correeUoiu the two ttatume being on the 


meridian 






TAJ31JE VII ABSTEACT OF EESULTS OF ALL OBSEBVATIONS 
AND DEDUCTION OF THE APPABENT DIFFERENCE OF LONGITUDE AL 
AND THE BBTABDATION OF SIGNALS p 


AGBA (E) AND MOOLTAN (W) 



I trum till 

P f An 


Apparent Diff ran e of Lo gitud by Obierrat 

n with 


Aitronomioftl 

Dftto 

t 


B Cl k « aL - /» 

W Clo k - aL + p 


£ 

W 

By N Stan 

By S Stan 

M ana 

ByN Stan 

ByS Stan 

Mean 

1886 

K h 23 

I P B 

I P B 

m 

a6 8 789 

18 815 

m 

a6 8 8$ 

18 818 

1 >6 8 8 8 

m 

m $ 

M « 


I P W 





a6 19 4 

19 040 

36 19 103 

19 057 

1 36 19 079 

24 

I P B 

I P W 

«9 051 

19 OjO 

19 oia 

19 0 8 

j <9 033 

19 066 

18 984 

19 051 

18 989 

1 19 033 

26 

» 


IPS 

18 903 

18 803 

18 9a6 

18 881 

1 18 878 




n 

I P W 





19 046 

<9 03* 

19 «3 

<9 015 

1 19 osa 

26 

I P B 

I P W 

19 093 

19 48 

*9 <54 

<9 44 

1 <9 »35 

19 7 

19 laa 

19 185 

19 103 

1 <9 <45 

27 

1 P W 

1 P E 

18 8 1 1 

8 67a 

18 85a 

18 747 

j 18 771 

i 

19 093 

19 $6 

19 099 

19 097 

1 19 086 

28 

I P B 

I P W 

9 09 

19 08s 

*9 30 

19 II 

j 19 »09 

19 016 

8 966 

19 089 

»9 43 

1 19 039 

/ 

IPS 

IPS 

a6 8 99 

a6 18 846 

a6 j8 8aa 





I P W 

I P W 

IPS 

9 090 

19 09s 

19 098 

86 19 064 

a6 19 081 

a6 19 073 


IPS 

I P W 




«9 054 

19 077 

19 066 

Ocnend Mean 

86 18 944 

36 18 971 

1 

a6 18 957 

36 19 059 

a6 19 079 

a6 19 069 


Whence AL as | {(AL — p) + (AL + p)} =s a6“ + | {i8 957 + 19 069) *= a6* 19* 013 


p « 4 {(AL + p) - (AL - p)} « i (19 069 - 18 937) « + 0^ 056 




TABLS ru AB8TBA0T OF EE8TJLTS OF ALL 0B8I»VATI0NS 


1*3 


AND DEDUCTION OP THE APPABENT DIFFERENCE OP LONGITUDE AL 
AND THE RETARDATION OP SIGNALS p 

DEESA (E) AND MOOLTAN (W) 


Instrume tal Apparant D £f e of Lo g tude by Obierrat o • with 




1 

Aitronosuoftl 

Date 

at 

B Clock ~ aL — p 

W Clock ■■ All + p 


B W 

By N St w 

By S Stan M t 

By N fiU • 

By 8 Stan Meant 

1885 


m 

tl. M 

m 

IN « m t 

D oember 7 

I P W I P W 

a 58 554 

a S8 58 > 






1 a 58 589 





58 629 

58 59 * J 




I P E 



a 58 640 

a 38678 ) 






{ a 58 646 





58 6SS 

58 6 I ) 

8 

I P E 

58 650 

58 636 ) 






( 58 650 





58 660 

S8 654 J 




IP W 



58 729 

S8 708 ) 






^ S8 703 





58 74 

58 633 ) 

n 9 

I PW 

58 553 

S8 583 > 






{ S8 57a 



H 

n 

S8 54 S 

58 606 ) 




I P E 



58 6 9 

58 6ia ) 






{ 58 597 





58 614 

58 S 4 a ; 

11 

I P E 

58 460 

58 39 ) 






{ 58448 





58 490 

58 449 ' 




I P W 



58 744 

58 7*7 } 






\ S8 73 * 

It 




58 7*9 

58 7*5 ) 

12 

IPW 

58 489 







t 58 SOS 





58 477 

58 545 ) 




1 P E 



58 576 

58 545 ) 






\ 58 844 





58 5 4 

58 540 ) 

18 

IPS 

58 454 

58 483 } 






{ 58 4 8 



n 


58 434 

58 300 ; 




IPW 



58 6 I 

58 547 ) 






{ 58 584 





58 584 

58 595 ) 

/ 

J P W IPW 

a 58 541 

a 58 569 a 58 555 



\ 

I P E I P E 

58 5*5 

S8 486 58 505 



Mean* 1 







IPW 



a 58 603 

a 58 588 a 58 596 

( 

IPW 1 P E 



S8 690 

58 656 g8 673 


General Meant 

a 58 533 

a 58 527 a 58 530 

a 58 647 

a 58 622 a s8 <>u 


Whence AL = i {(AL - p) 4 (AL 4- p)} = a“ 4 i (58 530 4 58 654) « *® 5® 5®* 
p « \ {(AL 4 p) - (AL -p)} * i (58 634 - 58 530) = 4 o* 052 



TABLE VII ABSTRACT OR RESULTS OF ALL OBSERVATIONS 

AND DEDUCTION OF THE APPARENT DIFFERENCE OF LONOITUDE AL 
AND THE RETARDATION OP SIGNALS p 

AGEA (E) AND AMRITSAR (W) 







VII ABSTEACT OP RESULTS OP ALL OBSERVATIONS 
AND DEDUCTION OF THE APPARENT DIFFERENCE OP LONGITUDE AL 
AND THE RETARDATION OF SIGNALS p 


AMRITSAR (B) AND MOOLTAN (W) 


Aitrooosucil 

Dftto 

InatrumenUl 

Pout on 

at 


Apparent D ff re f Lo | 

j t d by Ob orrat ont with 


B Cl k * All f 

W Clock "• aL 3' p 


R 

W 

By N Stan 

hj S Stars 

Meant 

By N Start 

By 1^ Start 

Moant 

1886 



m 

m 

m $ 

m 

M 

m « 

Juuuy & 

I P W 

1 1 W 

<3 44 343 

>3 44 »S3 


»3 44 4* 

*3 44 398 

) 






? 3 44 *88 



[ >3 44 398 




44 H6 

44 3«i 


44 379 

44 394 


6 

1 P E 


44 459 

44 357 

) 

44 398 

44 *f3 

) 






i 44 414 



[ 44 360 




44 4 9 

44 4 


44 438 

44 34 


9 


I P E 

44 53 

44 7S 


44 90 

44 *7* 







? 44 **6 



[ 44 188 




44 » 

44 SS 

) 

44 33 1 

44 58 


» 10 

I P W 


44 84 

44 69 

} 

44 *19 

44 *7' 

) 






i 44 *37 



[ 44 *78 




44 397 

44 97 

) 

44 *84 

44 3*8 

) 

12 


I P W 

44 370 

44 3 5 

> 

44 4 * 

44 4 7 

) 






{ 44 3 8 



t 44 4«« 




44 a 6 o 

44 3?S 

) 

44 39> 

44 4*4 

) 

14 

IPS 


44 

44 *77 

} \ 

44 *57 

44 3 S 

) 






i 44 *57 



\ 44 *95 




44 

44 *30 

) i 

44 3 7 

44 3«» 


19 


Z P E 

44 54 

44 7 

) I 

44 3 7 

44 *47 

\ 






i 44 57 i 



i 44 *58 




44 174 

44 *7 

) ! 

44 7* 

44 97 

) 

/ 

I P W 

^ I P W \ 

<3 44 5 5 

3 44 30 

*3 44 3 3 

13 44 400 

»3 44 408 

13 44 404 

\ 

I P E 

1 

44 3 0 

44 3*« 

44 336 

44 353 

44 3 3 

44 3 8 

MeftDi J 









] 


I P E 

44 tS 

44 33 

44 4 

44 8 

44 9 

44 »»4 


I PW 


44 9 

44 8 ? 

44 37 

44 5 

44 300 

44 76 

Q aenl Mea ( 

13 44 »74 

»3 44 *35 

3 44 *55 

• 3 44 308 

3 44 3 8 

3 44 3 8 


Wheace AL as J ( (AL — p) + (AL + p)} *= 13 * + i (44 *55 + 44 3o9) = *3“ 44 281 


p a= i {(^I^ + p) - (AL - p)} = i (44 30 « - 44 255 ) = + ° 



TABLE VII ABSTRACT OF RESULTS OP ALL OBSERVATIONS 


Ji6 


AND DEDUCTION OF THE APPARENT DIFIERENCE OP LONOITUDB AL 
AND IHB RETARDATION OF SIGNALS p 





TABLE ril ABSTBACT OF EEStJLTS OF ALL OBSEBVATIONS 


137 


AND DEDUCTION OF THE APPABENT DIFFERENCE OF LONGHTtJDB AL 


AND THE RETARDATION OP SIGNALS p 






PESHAWAR (PI 

IND MOOLTAN (W) 




Initru 

ental 


Appare 1 Djff of Lo git d by Ob rr t on with 










Astronosucid 











t 


E Cl k - aL > g 



W Cl ok AL + g 


Date 




1 






B 

W 

By N Stars 

By 8 St n 

M 

By N Stars 

By S Stars 

Means 

1886 



M 

m 

m 

m 

m 

m $ 

February 9 

IPS 

IPS 

0 27 3 

0 S 7 u8 

) 

0 27 6)2 

0 27 s»7 

) 






t 7 3<»S 



1 0 »7 574 




*7 3^6 

a 471 

) 

»7 543 

27 <i<>4 


10 

IPW 


a? 41 

a? S 7 

) 

27 5 2 

a? 643 

} 






t a? 43 <i 



[ 27 584 




a? 365 

a? 44 

; 

a7 488 

27 604 

) 

11 


IPW 

a? S S 

*7 57 

) 

27 6j8 

27 69s 







\ a? Si 



1 27 669 




17 43S 

*7 5* 


27 6 9 

27 664 

; 

12 

IPS 


a7 3a5 

a7 1* 

) 

27 392 

27 187 

} 






[ »7 375 



t »7 436 




a? 43 

a? 4*3 


*7 437 

a? 5*7 

J 

17^ 


IPS 

17 SIS 

a7 36 

) 

a? sai 

a? 441 

) 

1 





1 a 7 3 H 



\ *7 S05 

i 



a7 3 8 

S 7 If 


27 59 

7 467 

; 

is' 

IPW 


a? 473 

738 

) 

27 14 

27 4*3 

) 

! 





t *7 415 



\ 27 545 




a7 4 S 

S7 481 


27 S99 

I 

a? 554 


/I 

IPS 

IPS 

0 a 7 3 

0 27 186 

0 a) 341 

0 27 S 7 * 

0 27 507 

0 *7 54 

Y 

IPW 


S7 4 8 

a? 453 

S 7 416 

*7 138 

a? 57i 

*7 155 

Means / 









j 


IPW 

a? 475 

*7 548 

«7 5 6 

a? 859 

27 680 

27 669 


IPS 


a? 379 

a? 17a 

»7 375 

*7 415 

a? 457 

7 438 

General Means 

0 a? 393 

a; 439 

7 4 

0 7 546 

7 554 

0 27 sso 


Whence 


/>) + (AL + p)} 

= 0* + i (27 ' 

416+27 550)=a27 483 





, = iS(aL + p)-(-iL-rt} 

= *(!? 5 jO- 

27 416) 5S + 0* 067 




ia8 TABLE rn ABSTEACT OF RESTJIiTS OP ALL OBSERVATIONS 

AND DEDUCTION OP THE APPARENT DIPFERENCE OP LONGITUDE AL 
AND THE RETARDATION OF SIGNALS p 







TABLJB ril ABSTEAOT OP EESTJLTS OP ALL OBSERVATIONS 


129 


AND DEDUCTION OP THE APPARENT DIPFERENCE OP LONGHTUDE AL 




TAMJE! VU ABSTRACT OF RESULTS OF ALL OBSEEVATIO^a 


150 

AND DEDUCTION OF THE APPARENT DIFFERFNCE 01 LO^GITUDB AL 


AND THE RETVRDATION OF SIGNAIS p 






DLUBA DUN (E) 

AND AGBA (W 





In t 

1 

1 1 


Appr 

t D ff n f L 

51I do by Ob orvatio 

^ tU 


A 1 om al 













P’ Cl k “ 4L — p 



WCl k - aL + P 


D to 










£ 

w 

ByNSt 

By S Stars 

M 0^ 

ByNSt B 

By S Stars 

Moan 




m 

m 

m 


7N t 

m 

Ap 1 20 

IIS 

IPS 

0 7 4 

0 7 75 

) 

7 2 7 

0 72 







t 7 09* 



[ 7 7 




7 091 

7 076 

) 

7 75 

7 236 


21 

I P W 


7 HI 

7 i 6 s 

> 

7 45 

7 33 

) 






I 7 373 



\ 7 377 




7 *57 

7 346 

) 

7 3('9 

7 356 

) 

22 


I PW 

7 *7 

7 *3 


7 »S7 

7 99 

> 






I 7 324 



t 7 383 




7 87 

7 4 

) 

7 93 

7 8 


23 

I P E 


7 

7 3 

) 

7 7 

7 49 

) 






f 7 *30 







7 97 

7 44 

) 

•7 87 

7 4 

) 

24 


IPS 

7 5 

7 83 

) 

74 

7 3 







[ 7 206 



[ 7 378 




7 I 7 

64 


7 345 

7 29 


B 

I PW 


7 280 

7 34 

) 

7 4 4 

7 3 5 







f 7 *5 



f 7 338 




7 99 

7 84 

) 

7 3 5 

7 88 

) 


IPS 

IPS 

0 7 49 

0 7 5 

7 49 

0 7 23 

0 7 260 

0 7 *43 

\ 

I P W 


7 *64 

7 359 

7 261 

7 382 

7 333 

HS 7 

Moa 









] 


I PW 

7 3*9 

7 3 9 

7 3 4 

7 375 

7 39 

1 7 »83 


IPS 


7 > 3 ‘ 

7 *39 

7 30 

7 97 

7 232 

7 a 4 

G erftl Moan 

7 93 

0 7 189 

0 7 191 

0 7 370 

0 7 79 

7 374 



Whence 

AL as i { (AL - /)) + (AL + p) } as 0 ® + i 

17 * 9 * + 7 *74 

) = o“7 *33. 





p=U(4i‘ + (.)-(ai.- 

-p)}«H7’ »74-7 199 “H 

h 0 * 042 
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A^D DEDUCTION OF THE APPARENT DIFIEBENCE OP LONGITUDE AL 
AND THE RETARDATION OF SI^^ALS p 
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7 

) 
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7 
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3 
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"■ 

3 

6 

1 P E 


- fjf 

) 
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( - » 5 I 




- ss 

3 

3 

33 

8 

3 

7 


I P E 

1 - 7 ^ 

3 

> 

4; 

“ 77 

) 






( *" 9 



\ - 09 ^ 




- >5 

- S8 

3 

~ 027 

- 28 

3 

8 

IPW 


07 

- 


07 

+ 7 

) i 






[ + 43 



\ 09 




8^ 

89 

3 

37 

37 

3 

r 

IP n 

IPW 

“ H 

7 

f 

8 

9 

- 98 

1 

\ 

IFF 


- 26 

- 47 

- 8 

- 60 

- 4 > 

1 

* 5 

Mean / 









1 


I P E 

44 

■" 95 

) 

88 

3 



IP W 

1 

46 

+ 39 

43 

+ 5 

+ 77 

+ 9 

0 n ral M 

) 

- 77 

13 

- 37 

- f) 

- 6] 


Whence / 

aL = i{( 4 L- 

()) + (AL + rij 

= H- 0 093-0 063) = - C 

) 078 






= |(-o 063 + 0 093)= +c 

> 015 





ELECTRO-TELEGRAPHIC LONGITUDES 

1887-88 

INDIAN ARCS 

ABSTRACT OF THE OBSERVATIONS 

AND 


REDUCTION OF THE RESULTS 



NOTE 


The Fxplanation of Table I given on page a applies equally to the observations of 1887 88 in which the same Telescopes 
were used with the same Micrometers and the same wire systems 
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0 
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CO 

1 ut 

c 

0 
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d 

d 

d 

d 
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d 




d 

d 

d 

d 

d 

d 
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70 
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i 
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29 

aj 
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a 
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_ 
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o 
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78 

4- 8 

- 

76 7 
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A 
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IPW 
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8 
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79 
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J 
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IPX 
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- 9 

-a 8 

34 5 

- 1 



1 l E 

71 ' 

75 

4 

+ « 5 

75 8 

76 

+ 1 4 





34 5 




34 1 





71 ) 






8 


IPW 

3 3 

3 

-1 I 

-4 

1 6 

- 8 



I I X 

5 7 

75 

+ 14 

+ 1 

77 7 

-09 



6 



3« 7 




1 9 


Mean C 

A 

L 


75 8 




8 9 


MeanO 

1* 4 

1 

IPW 

1 

30 

-3 ' 

-4 0 

3 * 6 

—0 

/i* JP - 14 5 

IPW 

8 ai 
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+ a 6 

+ 7 

6 7 

76 5 

-08 

/ P M. - 76 a 
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I 


3« 6 




11 a 




79 





I W P • 78 5 









I P W ~ 3 6 
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» s 

£ 

IPX 

11 7 




1 I 


— — 


IPW 

76 9 




8 
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15 

-1 9 

-a 8 
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76 
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- » 1 


4- 3 7 
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§ 
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-I 9 
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IPX 
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6 1 
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77 0 

+ 04 

-os 

j( 9 
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31 5 



A 


75 8 






7 


IP w 

33 3 

35 0 
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3 7 
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31 4 




34 9 
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* Ob JaiBMUj 2iidl 1688, at BkOfalora tiM ot^eoi-gfaui of th« ToImoom wm t»k«D off ood cleanod. A grwt haafo m C m nod, tnd tli valoo of 0 tot 
tido data eoold not be eombiaed vith tboee of the tz former detee m dedwomg tiie genenU metui £» the ere The generel meen hu therefore been deduoed 
fcw# tb» itiit MX iii|^ only end need for tboee nighte only in eonmataaff c end b Ac C wee not determined IPX efter the deeninil of the objeet-gle^ no 
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from lU nl ine«n iru lo tnfling tl »t it wm conaid red permissible to adopt m tbe Taioe of 0 for J n arjr Sod th meui of th tvo dstOTuiutioiiS taken oa 
January Sod C was hanged from to to i 0 and ]l from 47etoit3oat6^^ ( d real time) so fo all start 0 this dale that transited before eP th* 
valnea 0 - 8a 9, and b - > 85 0 ahould be adopted and for all stars that transited after 6^ o* the raluee o-><i-siandb«'fes 
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-01 B( u C 


7 b iprUM 


8 J P 2 P 4 4 t 39 a 

O 40 0-I-I8+09 

5 41 39 * 

9 
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4 7 31 40 +0 40 +0 0 
43 4 as + 8 +0 05 


+ 1 4 -0 0 6 s 4 3 II 48 
+ 1 4 57 14 5 a6 a 16 


5 93 <i + 0 +0 06 


4 7 41 50 - 06 

4 3 3 78 - o‘ 
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U 1-0 1514 
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13 3a 17 s 16 11 30 + 
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li - o 17 64 4 3« la 4* - 

14 37 46 5 a6 II 51 + I 
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14 0 00 43 >4 5 35 36 66 - 
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+ 0 99 
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4 89 

5 35 36 66 
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4-a 8 


6 44 

6 8 8 86 
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1 6 
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4 18 34 80 
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Final Values of the Equation Adopted 

For the measurements Madras-Bangalore and Bangalore Nagarkoil (xcrntcd between December 3 1887 and January 27 
1888 the following values of the personal equations were adopted for the reductions v% 

— o 029 andSg— llg= + o 013 

And for the measurements Madras-Nagarkoil Nagarkoil-Mangalorc Madras-Mangalorc Bellary-Mangalore and Manga 
lore-Borabay executed between January 28 1888 and April 12 1888 tnz 

Sj^— “ Hjj d ~ 0 043 and Sg Ilg =5—0 018 


In these equations the general symbol S — II signifies a quantity which must be added to times observeil by Colonel 
Heaviside before they are compared with those observed by Colonel Strahan 
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*3 44 34 +164 4598 1303 


>657 N Q - I 90 9 1940 63 -I 86 38 77 N Q - I 57 930 33 46 -» 60 S 3 86 ii 13 09 


8292 43048 N 

8317 4 30 19 N 

8327 4 33 59 N 


31 16 43 -I 85 34 58 N 
33 48 03 -I 83 46 20 N 
17 4a 30 > 84 40 46 N 


32 4> 24 -» 61 39 63 IS 03 

37 a 99 -I 67 I 33 13 13 

3857 «7 -163 53 54 1508 


8271 - 5 *5 S 

8303 - 0 38 8 

8312 4 1034 S 


9174630 -189 4441 

as 57 08 -1 90 55 iS 

33 59 *3 -I 88 57 5 


9 38 61 07 -I 4, 59 60 11 IS 19 

34 II 88 -I SI 10 37 IS 19 ^ 

35 H oa -I 56 13 46 15 II ^ 

404053 -153 3901 1513 


for FersL £quations I 




Astrononucal Date 


TABZS r OBSEBYATIONS OF TEANSITS WITH E CLOCK, AND DEDUCTION 
OF THE APPARENT DIFFERENCE OF LONGITUDES. AL — p 


NAGAEKOIL (K) Lat SP ll Lowg 5 ^ 9-55 AND MANGALORE (W) Lat ISP 52 Long ^ B9» 38 


Tbansits Observed at E 
Sg Strahan with Teleicope No 2 


Tbansits Obseuteo Af W 

£g Jleavmde with Teltscope Lo I 


Difference of ^ 
Corrected Times « 

(W - B) I 


B A C Deck 
Number nation 


^ In ^ In 

I. •trumt'utal jjean Total *trmnontal 

^ PoBilion j ^ 1*0 diow j 

^ , Observed CorreC'* « . ^ j Observed 

« and Correct ■ and 

S Correction ed lime 5 Ooirection 

0 ristunts ^ Con tents 


Total Mean 

of Bj eack - 
Correo of 

Correct Star 

ed Time 


Feb 18 3129 +1830 N I P E 9 5 36 28 +1 52 37 80 N IPS 9 15 57 30 + 1 64 58 94 10 21 14 

9 i*rft ^ V ^ ^ 0^ K ^ ^ , 


3194 + 25 40 N 
3206 + 20 16 N 


12 39 33 +14/ 40 80 I N 
16 S9 83 + I 48 61 ji j N 


18 23 93 + I 51 2$ 46 N 


23 0 23 +1 70 1 9 S 
2. 20 84 +1 .0 22 54 


28 45 01 + » 63 46 66 


3137 - 639 8 
3140 + 2 4/ S 


8 29 06 f I 60 30 66 

11 4 94 + I 63 6 57 

23 40 69 +1 61 42 30 


9 17 12 44 + I 47 13 91 10 21 16 

18 30 29 + 1 S3 31 82 2116 1? 


21 26 23 + I 48 2/71 21 14 

34 1 93 + I so 3 43 21 13 


3278 + 1657 N Q - I 55 9 30 SI 77 -I 'i 7 5 ° 20 N Q - 1 65 9 41 12 99 -i 67 n 32 lo 21 12 


3292 + 20 48 N 
831" + 30 29 N 


32 37 ,9 -I 59 36 00 N 

36 59 30 -1 63 57 65 N 

38 S3 50 -I 62 S' 88 \ 


42 58 78 -I 64 57 14 21 J4 ^ - 

4/ 20 38 -1 56 ]8 Ri 21 17 ^ ^ 

h 9 ‘4 63 -I 62 13 03 21 is 


3303 - o 38 S 


33 10 3? -I 34 8 84 S 
40 36 84 - 1 50 35 34 S 


9 39 18 80 — I 82 16 98 


44 1 37 -I , 


SO 58 21 j -1 ,7 


Feb 19 8129 + 1830 N / P IT 9 S 3*5 '7 +' 35 37 7* N / P P 9 15 5, 21 +i 62 58 83 10 21 11 


3l®4 + 25 40 N 


'6 59 7* + ' 58 61 29 
18 23 91 + I 57 »5 48 


1 68 22 35 21 of) 


28 44 86 + I 64 46 50 


921 26 09 +1 45 »7 54 10 »i 06 


Coirectn 




ncftl Date 
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TABL^ r OBSEBVATIONS OP TBANSITS WITH B CLOCK, AND DEDUCTION 
OP THE APPARENT DIPPEBENCE OP LONGITUDES, AL - p 


NAGAKKOIL (£) Lat S" n Long S'* 65 AND MANGALOKt (W) Lai ISP 52f Long ^ 59« 5S* 


Tiuvsits Obseuved at E 
Sg ‘ilmhan mth Teleseopo Vo 3 


TiiANsirs OBStn^Li) at W 

JSv lleannde Kith T lescope No 1 


Difltifonce of ^ 
Corrected i imes « 
(W - E) I 


DAT Doch 
Number nation 


I strimieutftl Seconds ^ strununial Total Mtan I ^ 

Position rti 1 / ^ loBition i n By each 0 o W H 

^ , Obseived Corroc , ^ , Obsenicd Coriec „ , of £ 1 I 

and Correct « and Correct Star S S 

« Corrmtion ed lime 3 Correclion -Cime ed Timo Group ^3 

« ( ^ 


Fob 1^ 32(8 ■*• j6 N I P Ih 9 30 51 JJ - 1 aS 50 '7 N £ T 1 9 41 u 90 

3817 + 1029 N ^ 3O 59 n <>• S 7 C*i N ^ 47 20 28 


47 20 28 -I u «8 74 21 12 


3327 + 23 59 N 1 ® J l8S3 41 -«S« S> 9* N J ^ 49 *4 54 -*bo 1294 2i 02 


8271 - 5 *5 8 () 28 57 4^ -1 59 ss 86 S 9 39 18 70 -i 81 lO 89 10 21 | 


Feb 22 3129 + 18 N I P T 


3170 + 264^ N ^ 12 

8194 + 2S40 N ^ 1 ; 17 


820b + 20 16 N 


« 37 71 +1 Cs 19 36 N I P W 9 15 58 87 +16, 60 52 10 21 16 

• 240 62 +1 63 4* 27 N ^ 23 I 71 +1 71 1 42 31 15 


18 25 36 + I 65 I 27 01 N 


27 22 28 +1 69 23 97 21 12 

28 46 4O + i 66 48 12 2111 


8117 - 639 S 

814(j + 2 47 S 


9 6 52 59 + 1 60 54 19 8 

8 40 50 +1 62 32 12 S 

II 6 42 + 1 61 8 01 S 

33 43 20 ■«■ I 62 43 83 S 


9 17 13 96 +i 48 ij 44 10 21 2a 
1851 81 +i 54 51 Is 21 21 


21 27 71 + I 48 29 19 
34 3 49 + * SO 4 99 


* » 

3278 +1657 N ^-159 9305335 -* S3 5*7* N Q - i 61 9411452 -159 1293 10 ai 21 

3293 +2048 N 3a 39 01 -J 53 37 48 N 4260 23 “I 55 58 68 3i ao 


8317 +3029 N 
8827 + 23 59 N 


3660 65 -I 52 59 13 N j 
3854 9» -* S3 S3 39 N ! 


49 16 16 -1 54 14 62 31 *3 


S3 39 


?rsl Equationi 




TASLS r OBSERVATIONS OF TRANSITS WITH B CLOCK, AND DEDUCTION 


177 


OF THE APPARENT DIFFERENCE OF LONOITUDES, AL - p 


NAG^RKOIL (B) Lat SPll Long 5* S- M AND MANGALORE (W) Lai lit 5Sf Ung 


Tbajssits Obseevkd at E 
"Bg Strahan wUh TeU$eopa No 9 


TeANSITS Ob 81 E>ED at W 
Sg Seavmde with Telescope No 1 


Corrected Tmiea 
(W-E) 


BAG Decli 
Number natiou 


525 8 I P i: 9 i8 58 91 -I 57 5 , 34 S / P If 9 39 20 ?? -I 73 18 60 10 ai j 6 


3303 - 038 S 1^ ^ 

3312 + 10 24 s I ^ J J 


H 9 /3 -I 57 8 16 


40 38 36 - 1 56 36 80 


SO 59 72 -I C 9 s 8 03 


Feb 24 3129 + 1830 N I P IT 9 ^ 37 92 +1 70 39 6 N / P IT 9 15 59 03 + 1 ,i 60 74 10 ai 12 


3170 +2641 N 0^/0 124084 +1 7a 42 56 N ^ 23 1 )S + 1 78 I 7i *» 'S ^ 

3191 +2540 N al35 »7 >39 +»72 o >• N J ^ 272253 +1,5 2428 2117 ^ 

3206 + 20 16 N t >825 57 +i 70 27 27 N t 284669 +1 72 48 41 2J 14 

Q + 1 59 Q + 1 66 


3170 +2643 N 
3191 +2540 N 


*7 22 53 +i ,5 24 28 21 17 


9 6 52 91 +i 67 54 58 8 

8 30 80 + I 67 32 47 8 

1 1 6 66 + I 67 8 33 8 

23 4241 +1 68 44 10 8 


9 17 14 14 + I 55 15 69 10 21 II 

18 51 97 +1 60 53 57 21 10 


21 27 90 + I 56 29 46 21 13 


I » t 

3278 +i6a7 N Q “ > 59 9 30 53 45 ”> 49 5> 9^ N Q - i 66 

3292 +2048 N 3239 26 -14/ 37 79 N 

8317 + 30 29 N 36 60 95 - 1 46 59 49 N 

8327 + 23 59 N 38 55 ~> 47 5369 N 


9 41 14 / 3 -1 63 13 lo 10 21 14 

42 60 49 -I 59 58 90 21 11 

47 22 13 -I 54 20 59 21 10 

49 16 40 -i 57 14 83 21 14 


3303 - 038 8 


8312 + 10 241^8 


9 28 59 >7 -> 5 > 57 66 S 

34 9 98 -I 5 * 8 47 8 

35 12 06 -I 48 10 58 8 

403858 -> 5 > 3707 S 


9392052 —I /6 18 /6 1021 10 

o 

44 3> 33 -> 74 *9 59 *> '» ^ “ 

45 33 35 -> 67 3' 68 ai lo 

505999 -17a 5837 2120 


Correction for 




maim r obsbbvatioits of tbaksits with w clock, aitd dbdiwmoh 

Of THB APPABBNT DIffBBMCB Of LOiraiTUDBS, AL + p 


JTAGABKOIL (B) Lat SPll^Long AND MANGALOBB (W) Lot 13 * 59 ^, Lang 4 ^ 59 * 8 Sh 


BAG Deoh 
Numbor nation 


Tba^SITS ObSXTRTE]) at B 
Jfg Str^an vtth TeUtcopt No 3 


Teanbits Obbeuved at W 
3g Seaetndo, mth Tel»»oop$ No 1 


Oorreoted Times 
(W- E) 


In 

strumental 

Position 

, Obserra 
and 

Correction 

‘Constants 


Obeerred Correc 


Seconds | »trumontel Mean Total 

of S Position j Bveaoh 

_ ^ ^ , Observed Oorrec « , 

Correct « and i Correct- Star 

od Tniio 5 Correction cd Time 

® Constants I 


8476 +1354 N IPN 9 S6 756 +154 910 N 

^ +SI44 N ^ 585065 +151 5S i6 N 

8600 -(■ *9?a N J ^ 10 o 47 +i 45 24 92 N 


8511 + 3340 N 


I 35 66 + 1) 49 37 '5 


I ZPN 10 638 74 +r 61 30 95 10 ar 35 
0 - 9” 74 +1 66 13 40 ai 24 


U I 18 0 


8470 - rSi 8 


9 51 a6 74 +11*58 18 3a S 

524309 +it6i 4470 8 

55 4 47 +11 66 6 n 8 


I 48 01 + 1 56 49 57 to 31 as 

3 4 4» + I 5* 5 94 31 »4 

5 as 91 + 1. 46 27 37 31 24 


f » 

8679 + 14 55 <2 1 55 10 13 23 16 -i 56 ai 60 N Q *“ * 65 10 2344 46 -1 69 4a 77 to ai 17 

e 

8606 +1443 N 1646 90 -1 56 45 34 N 37 8 30 -1 69 6 51 ai 17 ^ - 

8648 + 1643 N 1337 91 -I s8 16 N 3349 26 -i 67 47 59 ax 26 ^ ” 

8660 + 38 7 N 2443 96 -1 64 41 3a N 35 4 06 “I 58 a 48 ai 16 


10 ai ^6 06 -I 91 34 IS 10 31 13 

25 14 61 -a 03 12 59 ai 10 


10 II 14 43 -I 41 1301 

14538? -134 5149 


2047 72 -I 5a j 46 20 
33 35 38 - * 43 33 96 


Bob 19 9(/76 +1354 N |Ip TT 9 5$ 5 4a +i 54 6 96 N IPS 10 6 a6 56 +i 59 a8 15 

8485 + 3144 N ^ ^ 5848 48 + 1 58 S® ©6 N ^ 9 9 58 +» 65 11 33 


8681 -2826 8 


(951 34 73 +154 2626 8 

594111 +153 4963 8 

1032895 +144 3039 B 


10 t 45 93 + 1 53 47 46 10 81 ao 

I 3 - a 89 +1 49 3*78 31 15 

1850 14 +1 36 51 «o at It 


W Clock 

for Feral Equations 





auBiM 7 osasmTioM ot miNsns wi® tf clock, isd DBmrcmoir 


OP THE APPAEBNT DIPPEBSNCH OP LONGITTOBS, AJj + p 


NAG-AEKOIL (E) Zai SPU Long 5^ ^ AND MANOALOEB (W) Lot ISP kSf, Lotig ^ 59" 3 


I BAG Ddoh 
^ Number nation 


Tbaksits Obsbutei) at B Thaksits Obsketkd at W 

JBy Strakan tnlh Tetencope No 8 Sg Reavmit tOxth Teletcopo No 1 

In ~~ In I j 

strumental jf^an Total 1 rtiuniental jje^n Total 

2 Position /M. j « 0 ^ Position ‘ 

^ , Observed Correo „ ^ > Obseivod 

*> (inu . Correct* « and 

I Correction Time tion Time I Cornotion 


Corrected Times ^ 
(W - B) 4 


. Mean o 
By each . •§ 

»« E 

Group ^ 


ob 19 86 Y 9 + 1455 N r P IT 10 21 07 -I 53 19 54 


’ '^43 N „ _ 

b + o 5 
« - S 7 


1644 89 -I 56 43 33 


IPS 10 23 42 34 “I 67 40 67 10 21 13 
o _ A a; 5 99 - 1 67 432 »o 99 a o I 


3696 > 29 6 B 


10 II 12 59 —1 61 10 97 S 

14 51 10 -X 66 49^ 44 8 


0 21 33 98 —1 89 I 32 09 10 21 12 

25 13 41 -1 99 10 43 20 98 


Pob.20 8476 + I3S4 N I P W 9 56 2 98 +i 59 4 57 N I P W 10 6 34 14 +i 64 35 78 

oACiK ^ 11 -a ^ 1.1 A, i„ nr ^ M j., f.a o Om 


8486 4 31 44 N 
8600 +2952 N 


« ''' " » - 0 s 

T. b + o 7 


9 7 19 + 1 68 8 87 

10 39 85 +1 72 41 57 


3521 - 2836 8 


9 51 32 26 + I 56 23 82 

5 * 38 bs + 1 54 40 19 


10 3 26 46 + I 47 27 93 8 


10 I 43 43 +I 60 45 03 XO 21 20 ^ 

3 59 80 +i 57 61 37 21 18 " 

1347 68 +1 41 49 09 31 16' 6 2 


• $ 

8579 + 14 SS N < 3 -< 56 10 13 18 62 -153 1709 N Q -i 62 10 33 39 88 -160 3828 10 31 19 

8606 + 1443 N 1643 39 -I 53 40 76 N 27 3 62 -I 60 a 02 ai 26 

8648 +1643 N 23*330 -IS* at 78 N 33 44 ^4 -161 4303 2125 


8696 -39 6 S 


10 II Id 03 —I 6a 8 41 S 

1448 57 -t 85 46 9 * 8 

2043 20 -1 ss 41 65 8 

223094 -161 29 33 8 


1021 31 41 -V 74 29 67 10 21 26 

35 9 97 ~i 83 8 14 21 22i 

3t 4 46 -^i 64 3 83 21 17 


W Clock 

Corms. for Persl Equations 




r OBSEBVATIONS Of TRANSITS WITH W iJLOCK, AND DBDUCTlOir 
OF THE APPARENT DIFFERENCE OP LONGITUDES, AL + /> 


NAGARKOIL (fi) Zai S it Long 53 » AND MANGALORE (W) Lat 12 62 ^ Long 4 ^ 5S" 33* 


BAG Decli ^ I oBJtion 
Number nation ■ and 


Tbansitb Obbeeaeo at E 

Sg Strahan , vnth TtUtoope No 9 
I krumental Sim 


TiUN8IT8 Obsejived at W 
Sg Heavmde mth Teletcope No 1 


Difference of 
Corrected lime* 
(W»E) 


I Correction Time 
“ ConetantB 


Mean Total 

Obeerred Correc 
Time tion 


Second, !_ ,iru.nental Mean Total 

of JS loeition . of 


loeition j Lorrcc 

■> and I 

« Correction Time tion 
** CoimtantB | 


of By each 
Correct Star 


Mean S fe 
■8 ^ 

I 

Group j o 


8476 

+ *3 54 

N 

IPS 

956 0 12 

+ I 56 

I 88 

N 

IP W 

10 6 21 44 

4 1 6l 

O3 

3486 

+ ai 44 

N 

d 

0 4 2 1 

5841 14 

+ * 57 

44 9* 

N 

d 

c - 0 5 

9 4 48 

4 1 6f 

6 14 

9600 

+ 2952 

N 

b - 2 2 
a — a 6 

10 0 16 04 

4 1 56 

17 60 

'n 

b 00 
a —19 3 

1037 19 

4 1 ^4 

38 91 

3511 

+ 2340 

N 

« 

<2 + * 54 

1 38 10 

+ 1 56 

39 86 

N 

i 

<2 4 1*61 

*» 49 51 

4 1 69 

5* a* 


3449 -f 6io S 
3458 oil a 
3410 - S 

3531 ~ 28 a6 S 


95* *9 ?4 +i 51 a* <>7 S 

S2 15 92 1 « 17 44 S 

54 57 IS +1 H S8 8? 8 

10 3 23 (0 +i 52 25 22 S 


to 1 40 80 4 1 55 42 15 10 21 28 

00 00 

» 5/ 0 + 1 51 58 71 21 27 o o 

5 18 70 +14, 20 15 21 28 " 

5 2+ I 

*3 4 $ + * */ 4<* 43 *• ai 


3679 +1455 N Q - I 54 10 13 IS 88 -152 1416 N ^ - 1 61 10 23 37 24 -160 1564 102128 

8606 + 1441 N 1630 56 —1 52 38 04 N 27 0 9, -I 62 59 11 ai 29 

8648 +1643 N 2120 63 -I 51 19 12 N 33 4* 94 ~ I 59 4® Is a* *3 


3650 4 i8 7 N 


33 4* 94 ~i 59 4® Is 3 i 23 

3456 79 -1 50 55 29 21 31 


8568 ~ 16 16 S 

8696 - 29 6 8 

8628 + 7 37 8 

8687 - 1248 8 


10 II 7 30 -I 56 5 74 S 

*4 45 77 -I 06 44 ai 8 

2040 4 <» “* 51 18 91 S 

22 aS 18 -I 55 a6 61 9 j 


10 ai 28 87 -I 84 27 01 10 21 29 

as 7 40 -I 95 s 4 S ai 24 

31 1 78 -I 66 o 12 21 19 

3249 68 -1 8i 47 87 21 24 


Fell 22 8476 41154 N P N 9 55 57 45 +* 6s S9 ‘® / P IT 10 6 18 71 4162 2011 102123 

8486 4 2144 N ^ ^ 5840 12 41 65 42 17 N ^ 9 1 77 4 1 66 3 43 21 26 

8600 4 29 52 N 1^*0 0 * 3*7 +*66 1491 N ^ 1,2 J *03443 +* 1 16 16 2123 


8458 4 on S 

8470 - 7 5* S 

8621 - 28 26 8 


9 5a 13 08 41 61 14 69 S 

54 14 55 4 1 61 56 16 8 

to 3 20 84 41 60 22 44 8 


5 15 87 4 1 47 *7 U 21 18 ** 



Feral Equations 



TABIS V OBSEBVATIONS OF TBAKSITS WITH W CLOCH, AND DEDUCTION 
OP THE APPABENT DIPFEBENCE OP LONGITUDES, AL -f /> 


tdl 


NAGARKOIL (B) Lat SP ll Long 6^9^ B6 AND MANGALORE (W) Lat Itf Long 4^5!)“ 93* 






TeANBITS OBSEBTBjD AT B 


Teaksits Ob sieved at W 

Difference of 


s 



Stab 











Corrected limea 


1 ? 0 


2 




JBg Strahan with filetoopo No 2 


Sg Seatttidt with TeUteofe No 1 

(W-E) 

l-s 

0 


1 




la 





In 






5 


+ 

I 

BAG 

Number 

Dech 

natiOD 

1 

atrumental 

Mean 

Total 

Seconds 

1 

stnimental 


Total 

Seconds 


Mean 


^ se Ml 

^ w w 
a L' 

< 

1 

A 

Fotitiou 

and 

Observed 

Oorrec 

of 

Corre8t 


Position 

and 

Obserred 

Correo 

of 

By each 
Star 

of 





5 

Correction 

Time 

tion 

ed Time 

1 

Correction 

Time 

tion 


Group 

0 

C of 00 





“ 

Conetants 





Constanfe 







a 


1888 





Am t 

t 

« 



Am t 

t 

t 

m a 





Peb 22 

3579 

+ « 4 SS 

N 

I P N 

10 13 13 11 

-« S 3 

It 58 

N 

I P W 

10 *3 34 49 

— 1 60 

3 * 89 

10 21 31 


0 

? 

0 

It 


8606 

+ M 43 

N 

d 

C 4 0 2 

16 36 82 

-1 S 3 

35 >9 

N 

d 

0-05 

26 58 23 

-1 61 

56 62 

at 33 

- r 

0 

0 



8660 

+ j8 7 

N 

b + t 6 
a - I 7 

2432 72 

-I S 3 

3 « 19 

N 

b + 0 3 
a — 16 6 

34 S 4 01 

-1 S‘ 

S* SO 

II 31 


+ 

1 

0 





Q - » 59 





• 

Q - 1 61 










3568 

- i6 i6 

S 


10 «i 4 SS 

-1 s8 

1 97 

S 


10 21 26 os 

-1 ,9 

24 26 

10 21 29 


0 

0 

0 

f 


8596 

- *9 6 

S 


14 43 00 

"1 58 

41 42 

S 


*S 4 59 

-I 89 

2 70 

21 28 


0 

0 

;; 


8628 

+ 7 37 

s 


2037 70 

-I 56 

36 *4 

S 


3059 09 

-1 66 

57 43 

21 29 

s S 

+ 

1 

0 

Feb 24 

8475 

3485 

+ n S 4 

+ 21 44 

N 

N 1 

T P W 

d 

0 + 20 

9 55 S» 08 

58 3<5 71 

+ 1 69 

+ 0 12* 

SI 77 

36 84 

N 

N 

I P W 

d 

0 - 0 s 

10 6 13 34 

8 ii6 34 

+ 1 68 

+ 1 73 

15 02 

58 07 

10 21 25 

21 23 

e* 

0 

0 

? 

0 

Oi 


3500 

+ 29 S 2 ^ 

N : 

■b + 2 2 
« - 3 5 

10 0 9 43 

+ 0 13* 

9 S6 

N 

b + 0 9 
a -15 9 

10 29 03 

+ i 78 

30 81 

ai 25 

s S 

+ 

1 

0 



i 

! 

<3 + » 59 

i 





Q + 1^66 










3449 

+ o 10 

s 


9 S» “ 31 

-fi 68 

13 01 

S 


10 I 32 66 

+ 1 63 

34 *9 

10 21 28 

00 


00 

ei 


8458 

+ 0 II 

s 


52 27 70 

+ 1 67 

*9 37 

s 


2 49 02 

+ 1 59 

SO 61 

21 24 

^ N 

0 

0 

« 
















0 

0 



3470 

- 7 oi 

s 


S 4 49 >4 

+ 1 67 

SO 81 

s 


S 10 46 

+ 1 55 

12 01 

21 20 

s S 

+ 

t 

0 


8521 

- 28 2f. 

8 1 


10 3 «s 56 1 

n 63 

17 19 

s 


13 36 93 

+ i 41 

38 34 

*1 IS 






3579 

+ 14 55 

N 

Q - «'59 

10 13 7 78 

-1 49 

6 29 

N 

1 66 

10 23 29 09 

-I 64 

*7 45 

10 21 16 



2 



8600 

+ 14 43 

N 


1631 48 

-1 48 

30 00 

N 


26 52 ,8 

-I 64 

S« 14 

21 14 

h'" 

0 

? 

2“ 
















0 

0 



3643 

+ 1643 

N 


23 12 48 

~i 48 

11 00 

N 


33 31 82 

-I 63 

3 * 19 

21 19 

sS 

+ 

1 

0 


3650 

+ 28 7 

N 


24 27 40 

-I 46 

*S 94 

N 


34 4« 66 

-» SS 

47 II 

21 17 






8568 

- 16 16 

S 


10 10 59 19 

“I s* 

Si 67 

S 


to 21 20 64 

-I 82 

18 8s 

10 21 15 

0 

o\ 

00 

















0 

0 

IT 


8596 

— 29 6 

■“S 


14 37 68 

5 S 

36 13 

s 


24 59 20 

-1 92 

57 *8 

21 15 

•t "* 

0 

0 

« 


3637 

-•1248 

s 


aa 30 12 

-I 5 * 

18 60 

s 


1*41 56 

-I 81 

19 7 S 

*I IS 

8 2 

+ 

' 

0 


* Owing to the irregnlar rate of the Chronograph the Pen Bqaation had to be applied graphically on the record before the atar ugnale were read off, and eon 
ee^uentij in theae caaea o oo 


AIj + p 




liti TABIS r OBSEBTATIOKS OF IBANSHS mTH E OLOOE, ABS DEStTOIIOlT 

OF THE APPAEBNT DIEPBEENCl OP lONfllTTDES, AL-p 


MADRAS (B) Lot 13 “ 4 , Lonff 3 ^ 21 “ 9* AND MANGALORE (W) Lat ISP 68', Lon^ ^ 69 » S 3 ' 


1 

Stab 


TbANSITS OnflZBTBl) AX E 

jS> Strahan mUh TtUucopt No 

2 

Tbansits Obsebved at W 

By Seavitxde mth Teleteope So 1 

Difference of 

Corrected Tunes 
(W-B) 

Correcbon for Hate 

B Clock 

i 

W 0 0 

1 ‘ ‘ r 

7 »>! « 5 
Sww ^ 

• > > 

BAG 

Number 

Deoil 

ustion 

1 

< 

1 

In 

itrumental 

Position 

nnd 

Correction 

Constants 

Mean 

Obssrred 

Tune 

Total 

Correo 

tion 

Seconds 

of 

Oorroot 
ed Tune 

1 

i 

In 

strumental 

Position 

and 

Correction 

Constants 

Mean 
, Obserrod 
Tune 

Total 

Correo 

tion 

Seconds 

of 

Correct 

ed Time 

By each 
Star 

Mean 

of 

Croup 

1888 





A f» t 

« 

9 



A fit $ 

t 

9 

« . 





M»r 6 

8278 

+ i 6 s 7 

N 

IPS 

9 10 6 * 35 

+ 1/6 

63 ** 

N 

IPW 

9 6* *7 64 

+ > 64 

29 18 

ai 36 07 






3292 

+ ao48 

N 

d 

0 + 13 

3 * 37 04 
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forPersl Equataona| 








Astronomical Date 


SfABZS r OBSERVATIONS OE TRANSITS WITH W CIOCK, AND DEDUCTION 
OP THE APPARENT DIPPERENCE OF LONGITUDES, Alt + p 


BELLARY (B) Lat lifts' Long 7 » AND MANGALORE (W) Zot l!eB 2 f,Long 4 " fi 9- 3 


Taansixs Obbbbtxi) at E 

J?y Btraha* vnth Telueoft No S 


Tbansits Obbebvkd at W 
Sjf Heavuide viih Telescopa No 1 


Difference of 
Corrected Times ^ 
(W - E) i 


I, strumcntal Mean Total | strumental Mean Total Seconds a « 

B A C Decli S Position j n ^ Position j By . -g ^ 

„ , ■*) , Observed Correo „ ^ ^ . Observed Correo _ . ^ of S 

Numboi nation • and Correct • and * Correct Star fc 

5 Correction «l Time | Correction ed Time <3 

^ Constanta Constants 


Mar 24 8964 8159 N f P IT n 26 45 aj +i 90 47 13 N ^ ^ ^ ‘MS 5 + ‘ 79 ^ 81 8 19 68 

d d 

0+20 e + i o 

b-03 b+08 

a -81 7 a - s o 


8979 + 8 S3 8 


ri 31 r8 71 +i 47 I 20 1 


" 3938 «5 +» 76 9 9‘ 8 19 73 


4014 4 16 4 N 

Q- 1 

1 62 

li 38 S‘ 04 -I SS 

49 49 


Q -* 73 ” 47 I® 82 -I 67 

913 8 19 66 

4066 4- 22 43 N 



47 S® 99 32 

49 67 

N 

56 11 01 -I 66 

9 35 '9 68 

4066 4- 22 s N 



5023 3 * 34 

31 98 

N 

58 43 39 - 1 66 

4 ‘ 73 ‘9 75 


4021 + 5 ^0 S 

4039 4- 4 6 8 

4049 +417 8 

4072 +921 8 I 


1 40 1 1 36 - 1 90 9 46 S 

44 21 01 -* I 94 19 07 8 

46 4 at -1 93^ 2 28 S 

SI 21 ss 77 ‘9 78 S 


II 48 30 81 
S* 40 5® 
S4 23 70 
59 41 ‘5 


; 70 29 11 8 19 65 


Mar 25 3932 +1725 N I P W ii 2040 07 + 1 73 41 80 N I P W ii 2839 74 + 1 70 61 S3 8 19 73 

8937 +2824 N + ,*^0 **1137 +‘98 ‘3 3S N ^ + 2*^2 3® 3‘ «» +180 3308 1973 


30 31 a8 + I 80 33 08 


8954 +845 

8971 + s 22 
8976 - 6 3 


II 2430 21 —0 08* 30 13 B 

aS II a6 4-1 47 12 73 S 

29 S9 8.3 4- 1 23 61 06 S 


I 3a 48 11 4-1 76 49 87 8 19 74 

36 30 72 4-1 76 33 48 19 75 

38 19 05 4-1 73 20 ,8 19 72 


• Oinng to the irregular late of the Chronograph the Pen Equation had to be apphed graphically on ths record before the star eighals were read off, and < 

sequoatly in this case Q -• o 00 


forPersl Equations 





TABLE V OBSERVATIONS OF TRANSITS WITH W CLOCK, AND DEDUCTION 


>97 


OF THE APPARENT DIFFERENCE OF LONGITUDES, AL + p 


BELL ARY (B) Lat iff' 9 Long S^ 7 * 6 !t' AND MANG4LORE (W) Ut ISP 59 Long # 5P" 33* 






Tbajisits Obskevkd at E 


Tbabsits Observed at W 

Difference of 


B 


1 

STA.B 











Corrected Times 

Q» 

200 


fl 

'3 




Sg Strahan with Teletcape ho 2 


Sg Heavutde with Teleteopa ho 1 

(W- 

E) 

flS 

^ M 

^00 

ft. 

1 

B AC 

Decli 


In 

struniental 

Mean 

Total 

Seconds 

A 

In 

etrumontal 


Total 

Seconds 


Mean 

B ^ 

^ D n 

IT « 

+ 

g 


PoBiti in 

ObaorTed 

Correc 

of 

< 

Position 

Obserred 

Correc 

of 

By each 

of 

0 K M 



N umber 

nation 


and 

Corrocfc- 


and 

Correct 


1 






5 

Coprettion 

lime 

tion 

ed lime 


Correction 

lime 

lion 

ed lime 


Group 






OJ 

Conti tantg 




M 

Constants 







0 


1888 





h m t 

s 

t 



h « 

s 

s 

m t 





Mar 2 u 

4056 

+ 1243 

N 

I J? W 

n 47 48 92 

+ 0 20* 

49 >2 

N 

1 FW 

II 56 10 56 

-1 65 

8 91 

8 19 79 


§ 

? 
















o^ 


0 

O' 


4066 

+ *» 5 

N 

C + 2 0 

b - 0 1 

50 35 

+ 0 19* 

21 54 

N 

c + 2 2 
b + 0 1 

58 42 93 

-I 64 

41 29 

>9 /S 

S 00 

+ 

1 

00 





« -53 5 





a - 5 1 













s 





jf 













Q - 1 63 





Q - I 72 










4039 

+ 46 

S 


II 44 so 42 

-I 82 

18 60 

S 


II 52 40 04 

-1 68 

38 36 

8 19 76 


g 

00 

















0 



4049 

+ 417 

s 


46 3 59 

-I 82 

I 77 

« 


54 23 23 

— I 69 

21 54 

>9 77 

“ Ov 

0 

0 

O' 


4072 

+ 921 

s 


51 21 04 

-1 71 

»9 33 

s 

, 

59 40 <>9 

-1 68 

39 01 

19 68 

6 00 

+ 

1 

00 

Mar 26 

3932 

+ «7 

N 

I F W 

11 20 39 67 

+ 1 68 

41 35 

N 

I F W 

11 28 59 41 

+ * 79 

61 20 

8 19 85 






3 J 37 

+ 28 24 

N 

d 

B 0 0 

22 10 94 

+ 2 02 

12 96 

h 

d 

c + 2 2 

30 30 99 

+ 1 82 

32 81 

»9 8s 

0 

00 

§ 

0 

X 


3904 

+ ' 59 

N 

b — 0 s 
a —70 0 

26 44 47 

+ 1 82 

46 29 

N 

b — 0 1 
« - 7 9 

35 4 26 

+ 1 82 

6 08 

19 79 

** S' 

S CO 

0 

0 

1 

a 

X 


3990 

+ 2051 

X 

s 

33 59 3 / 

+ 1 62 

60 99 

N 

* 

42 A) 14 

+ 1 80 

20 94 

»9 93 









Q + i 03 





<2+1/2 









1 

3954 

+ 84s 

s 


II 24 28 

+ i 44 

! 29 77 

S 


II 32 47 /8 

+ 1 76 

49 54 

8 19 77 


0 

00 



397 

+ 5 22 

s 


28 II 03 

+ i 35 

12 ^8 

u 


36 30 44 

+ 1 74 

32 18 

19 80 

* 

8 

0 

*0 
















0 

0 

Os 


3976 

- 6 ^ 

s 


29 59 64 

+ 1 05 

60 68 

s 


38 18 73 

+ 1 72 

20 45 

19 77 



















£ oo 


1 

00 


3979 

+ 8ji 

s 


3 > 17 95 

+ i 44 

19 39 

s 


39 37 41 

+ 1 76 

39 17 

19 78 






4014 

+ 16 4 

N 

Q - 1*63 

1 

II 38 50 2‘ 

-1 61 

48 60 

N 

S 

<2 - I 72 

II 47 10 10 

-I 66 

8 44 

8 19 84 


g 




4031 

+ 16 16 

h 


41 45 23 

-I 6i 

43 62 

N 


SO 5 08 

-1 66 

3 42 

19 80 

n* 

8 

? 

CO 















0 

0 

0 



40 o 6 

+ 2243 

n“ 


47 5 ° 23 

-1 4:5 

48 80 

N 


56 10 a6 

-1 64 

8 6 a 

19 8a 









I 








S 00 


1 

CO 


4066 

+ *2 5 

N 


SO 22 64 

-I 45 

i 21 19 

N 


58 42 66 

-1 63 

41 03 

19 84 






• Owinj, to tlir irregultir rat« of the Chronograph the Pen Equation had to bo applied graphically on the record before the itar signals were read off and con 
•equently m these cases ^>>000 





JUBiX r OBSBBTAUONS OF TBANSIT8 -fflTH W OLOCE, AND DBOtOTIOir 
OF THE APPAEBNT DIFFB B ENCB OP LONaiTUDES, AL + p 


BELT ABY (E) Lai J5* 9', Lonff 6^ 62* t AND MANGALOJBB (W) Lai tUP dSf Lon} 4" 59* 99* 


BAG Docli 
Number nation 


TitAKSITB 0B6&£TS0 AT E 
By Strahan let^A Toleteofo No 9 


Tbambits Obsebtkd At W 
By Seatittde vnth TeUteopt Bo 1 


Difference of 
Corrected Times 
(W-E) 


In 




•» i 

In 




strumentnl 

Mean 

Total 

Seconds 

l\ 

strnmentol 

Mean 

Total 

Seconds 

Position 

and 

Observed 

Corroo 

of 

Correct 

• 

< 

Position 
and • 

Observed 

Corrce 

of 

Correct 

Correction 

Constants 

Time 

tion 

ed Tune 

1 

Correction 

Constants 

Time 

lion 

ed Time 


»' I 

Group ^ 


Map20 4021 + 5 30 S I J* n 40 10 55 -i 91 


4039 +46 

4049 4 417 


44 20 19 - 1 94 18 25 S 


IB W II 48 ^0 ij -I 69 a 8 46 8 19 82 


6* 39 73 -> 70 38 03 


:, li \ 46 3 4* -» 94 « 47 S h ^ 64* 


9 21 B t 51 20 80 

Q - i 63 


*9 00 8 A 594041-168 ^8 73 1973 

g - 1 72 


Mar 27 8982 +*7 *5 N IBB 11204019 +154 4173 N JPW 11285982 +178 6160 8 1987 

itaa'r x «b k v ^ ^ .... u ^ ....... . .. .... ... .0 


8937 + 2824 N ^ 22 II 56 +1 79 13 35 N ^ ^ 40 ?i u +* /9 33 *3 *9 78 h» 

8984 +2159 N 0-518 46 07 + ‘ <^5 467* *-47 36 4 7^ + < <8 654 1982 

+ 1051 N « 135990 +1 S* 6* 4» N t 421953 +1/8 21 ?i 1990 

g + I 64 Q + > /3 


26 45 07 + I 6j 46 72 MW 


10 1» 14 +i ,9 33 *3 *9 78 

35 4 76 + I /8 6 54 19 82 


8954 + 846 8 

3971 +522 S 

8976 - 6 3 8 

89/9 +853 S 


II 24 28 80 + I 37 30 17 8 

28 II 41 + « 30 12 73 S 

29 69 96 + 1 08 ^ 6i 04 8 

31 18 37 +i 37 19 74 S 


I 42 48 2 + 1 /S 49 97 8 19 80 

46 10 80 +1 75 42 55 19 82 


39 3/ 79 ^ MS 19 14 *9 ® 


« « 

4014 + i6 4 N g - I 64 II 18 50 77 -17® 49 o* N Q - I 74 1147 10 50 -1 69 8 81 8 19 80 

4081 + 16 16 N 4* 45 / 4 - » 77 41 96 N 50 5 46 - 1 68 3/8 19 82 

4056 + 22 43 N 4750 82 -I 62 49 20 N 56 lo 6/ -i 68 8 99 19 79 

4066 + 23 5 N 502418 -164 2154 N 584306 -168 41 18 1984 


4021 +530 8 

4039 >1-468 

4049 + 417 S 

4073 921 8 


II 40 10 96 -I 98 8 98 8 

44 so 59 -2 00 18 59 a 

46 3 84 - 2 00 1 84 S 

51 31 26 -1 90 19 36 8 


II 4830 44 

-I 71 

28 73 

8 «9 75 

5* 40 09 

-1 72 

38 37 

19 /8 

64*3 13 

-I 72 

21 61 

19 77 

5940 82 

-r 71 

19 ” 

*9 /S 


Corm* for Peml Equntioi 



SUBIS V OBSERVATIONS OF TRANSITS WITH B CIOOK, AND DEDUCTION 
OP THE APPARENT DIPPEBBNCB OF LONGITUDES, AL - p 


MANGALORE (E) Lai Lor^g AND BOMBAY (W) Lai ISP 64 Long 


TeASIITS OD 8 EBVJS 1 ) AX E 

£ SlAB 

p Sg Seavutde mih Teleteoft Jfo 1 

1 ' *, lu 

I straniontal S«co 

BAG Deoh J Po«iUou ^ oi 

„ , , ^ , Obut-rvod Coireo „ 

Number nation *> ana Corr 

5 Correction Time Uon 

00 , 

ConaUints 


Tban 8 IT 8 Observed at W 

Sg Strahan leitA Teletcope No 9 


Corrooted Tiinoe « | ' 

(W - E) t T) < 


ed lime ■§ Cojrcction 
I Constants I 


Apr 4 4 f 010 + ^831 N I P W u 46 35 05 +j 04 j7 09 N I P W ii 5441 91 +1 19 

^ lu ^ .a , ... M ^ .. .A ^ 


Correct Star 
ed limo 


4018 I + 4! 3» N 
40«6 j + la 43 N 
4066 U *» S N 


48 5 08 + 1 06 7 14 N 0-09 56 >1 oO + 1 la 14 i8 

56 3 (O +i 98 s 68 N , ^ I la 4 II *3 +1 49 1* 7* 

58 36 la +i 97 38 09 N a 64355+150 4505 


Group S I Jp* 
O 


4080 - 431 8 

4039 +468 

4049 + 417 S 

4072 + 911 8 


II 49 46 61 +1 88 48 49 8 

52 33 24 +1 90 35 14 81 

54 16 42 + i 90 18 32 S I 

59 33 9' +» 9* 3s 83 S 


•« 57 53 57 89 55 46 8 6 97 

12 0 40 37 +1 76 42 13 6 99 H ^ 

2 23 57 +> 7i *5 34 1 02 

8 “ 

741 15 +i 71 42 86 7 03 


4127 + 24 34 N 

4141 + 23 39 N 

4166 + 18 25 N 

4096 + 626 8 

4114 +1053 S 

4184 - 320 8 

4168 + sS6 8 


10 47 98 - 1 ,8 46 20 N ' 

1347 21 -I ,8 45 43 N 

15 10 93 -1 80 9 15 N 

12 4 18 44 -I 84 26 60 S 

7 n 21 -I 84 49 37 S 

12 32 09 -I 88 30 21 8 

16 <7 88 -1 84 56 04 S 


13 14 34 78 

-1 91 

22 87 

8 7 04 

j8 55 07 

-1 87 

53 *0 

7 00 

*» 54 *5 

~i 86 

0* 19 

6 96 

*3 *7 95 

-1 ,8 

16 17 

7 03 

I* 1*35 15 

— 1 61 

31 54 

8 6 94 

'5 58 04 

-I 66 

56 38 

7 OJ 

20 62 

— I 46 

17 16 

6 95 

25 4 62 

-I 61 

3 Oi 

6 97 


Apr 7 4010 + 38 31 N J P IT 11 46 33 87 +1 89 35 7^ N I P TT ,i 3441 S8 +t *7 4* 85 


4018 + 41 32 N 

4056 + 22 43 N 

4066 + 22 s N 

4080 - 431 s 

4039 446s 

404 ^) + 417 s' 

4073 t 9 21 a 


48 3 92 +i 91 5 83 N c ^ 56 It 7s +1 21 12 96 

56 2 59 +1 81 4 40 N a +41 9 4 9 87 +« 61 11 48 ! 

5834 98 + 1 81 36 79 N a 642 16 +1 63 43 /8 { 

Q + I 66 


11494543 +172 4714 S 

Sa 32 07 + 1 74 33 81 S 

54 Is *9 + « 74 17 03 8 

s9 7i + * 76 54 51 S 


11 57 S* 19 +> 05 54 14 

12 0 38 99 +1 91 40 90 

2 22 18 +1 93 24 II 

7 39 78 + 1 85 4' 63 



6 9*18 8 7 050 8 7 023 8 7 058 




Axtrononucal I>ate 


TABLS r 0BSHBVATI0N8 OF TEANSITS WITH B CLOCK, AND DEDTTCTIOH 
OF THE APPARENT DIFFERENCE OF LONO1T0DB8, AL — /> 


S^ANOALORB (B) Lift tSP Saf,Lo»s ^ 55* AND BOMBAY (W) Lot IS> M, Long 4 ^ 6 i »2 


Tbakbtts Obbervrs ax E 
Bg ffeavmd0, mtA Teleicope 2fo 1 


Tbanbitb Obbbbteo ax W 
5y Straian mth Telescope Bo 2 


Difference of 
Corrected Tune* 
(W-E) 


BAG Cecil 
Number nation 


Utrumental Total I etrumental Mean Total 

of J Poeition j of Byeac 

^ , Obeerred Correo ^ 

Correct • and • Correct Star 

ed fime 5 Correction ed lime 

* Conetante 


■5 Ob«md 

* and 
5 Correction 
^ ' Coiutunts 


Moan S , 
By each |» 


Apr 7 4107 + a6 ijo N / P JT la 6 i6 09 ~i 57 14 5a N / P IT 12 14 a^ 3^ -i 78 ai 55 


4127 + 24 34 N ^ ^ 104644 *"» S8 4486 N ^ ^ 

4141 +2339 N J + 134566 -158 4408 N J j 


18 53 63 ~i 74 31 I 


4114 +1053 S 


la 7 49 71 -I 64 I 48 07 S 

12 30 51 -i 68 I 28 83 S 


12 15 56 63 -1 ji ss Ja 87 os 

2037 24 -I a8 35 96 7 13 


Aprs 4018 + 41 3a N IF B 11 48 3 41 


5 31 N J P jS? II 56 11 06 + I 4a 12 48 


4050 + 2243 N 


S o - 6 0 


56 1 95 + I 84 3/9 N 
58 34 40 + » 83 36 23 N 


12 4 9 50 +1 49 >0 99 
6 41 85 + i 50 43 35 


4049 + 417 S 
4072 +921 S 


n 54 14 66 +i 77 16 43 S 

59 33 21 + 1 80 34 01 S 


12 2 22 05 +I 58 23 63 

7 39 61 +J 57 41 »8 


4107 + 26 30 N Q - I 71 I a 6 15 53 -i 57 13 96 N Q - 1 61 la 14 aa 94 -r 74 21 ao I 


4127 + 34 34 N 
4156 + 18 25 N 


1045 84 -I 58 44 26 N 
IS 8 83 -I 60 7 23 N 


>8 73 5 ‘ S* I 

23 16 21 -I 71 14 50 j 


4168 + 556 S 


12 426 30 -I 65 24 65 S 

12 29 91 -1 67 28 24 S 

1655 74 -1 63 54 II S 


>a«33S9 -* 65 3194 

303716 -162 35 54 

25 3 03 -I 65 I 38 


7 308 8 7 303 8 , 206 8 7 206 




tABLM r OBSBEVATIOKS QIS TBiKSITS TOH W CLOCK. AITD DEDTJCTIOK 
OP THE APPABBNT DIPFERENOB OF LONGITUDES, AL + /» 


MANGALOEE (E) Lai nedar Laag 4" SS» as* AND BOMBAY (W) Lai lf^B4l,Lo*s ^ 6l«^ S 5 


TiuKsiis Obbebysb at E 
JBy ffeamnde ^ wUh Telaoopi Xb 1 


Teansits Obbbbvkd at W 
Jy Sirahan , lotik Teletcopt Ao 3 


SAC Declt 
Noibbw ofttioa 


^ atTumental 
^ Foiitioa 
• *nd 

5 « Correction 
^ ConitanU 


Mean Total 
Obeerred Correo 


rotal i •tminental Mean Total 

orreo ^ Poeition Obeerred Correo , . 

CorrecC • and Correct 

edTime | Correction Time tioa ^ime 

“ Conatants 


ipr 4 4311 +38 SNIP W u 36 39 37 + i 03 41 40 N IP V u 44 47 61 +i 31 


4 S “ 30 +i 9b 13 16 I 


1319 03 +1 57 



'*54 45 56 +1 88 


4387 + ai 45 N Q - i 88 13 5a 45 67 -i 79 41 88 N Q - ^61 13 o 53 04 -i 83 51 aa 8 7 34 

4406 + 18 7 N 5634 14 -I 80 aa 54 N 4 71 60 -i /i 29 89 7 35 

4421 +3837 N 5830 76 -I 77 18 99 N 638 30 -I 89 36 4( 7 4a 



13 8 41 la -I 38 39 74 8 7 43 


Apr 7 4286 + 39 53 N IPW 13314364 +i 91 4^55 A IPW 13395069 +133 51 91 

4304 +J810 N g + 15S«24 +'83 5307 N ^ 41 58 93 +'5o 8® 41 

48B1 + »« ' N J + S J 45*4 38 +1 81 26 19 N ^ * * [ 5331 85 +l 70 33 55 


48 B 1 I N J 45 *4 38 +18. 26.9 N h ; ;; 


7 36 " ® 

7 16 i« I 


4267 + 3 S 

4277 - 0 57 8 

4291 + 634 r 


la 27 57 01 +1 77 58 /8 H 

39 54 a; + 1 73 56 00 S 


33 »» 1 * ♦ » 75 *4 07 

465131 +17* 53 «3 


'* 36 4 3* +1 80 6 II 

38 I 35 +3 00 3 35 


54 5 * 37 +» »» 60 19 


fopF«ntl Eqnati* 



TjaiS r OBSKBTAItOMS OF XBaNSITS WITH W CTiOOS, AHD SKSITCIIIOH 
OF THE APP ABBOT OIPFEEBNCE OP LONCHTUDBS, AL + /> 


MANGALORE (B) Lat IST Uitf ^ 93 A^D BOMBAY (W> Zat IS* Si Uag i ^ «“ 99^ 


Tbaitbitb Obsebvbd at E 

Ajr Seannda , wiik Ttleieopt ifo I 


Tba»8it8 Obsibtbd at W 
Bjf S^roAait, mt \ Taltteoft Ifo 3 


Corrected lunei 
(W-E) 


Mmii Tot&l 

Obeorred Oorreo 
Time tioD 


Total ®*®o*‘^* I. etrumental Uean 

tom. „ •? f”""” 01.«T.d 

Correct • and 

^ Time 5 Correction 

^ Conetante 


+ ai 45 IT I P W 13 51 58 41 “I 59 56 8z I N IP 

+ >8 7 N 0 + 3*^3 56 17 «* -I 60 5» U , 


+ *8*7 N r i , 


«3 S 14 -I 53 »9 81 N 


4 44 43 - 1 64 41 79 
6 51 II -I 83 49 J9 


1339 13 -1 95 *7 »7 


443I 4 3 3 8 
4486 + 3 39 8 


13 0 19 98 I -t 66 18 43 S 

i 56 04 -1 66 54 47 8 

3 17 77 -I 64 16 13 S 


>3 » S3 64 -I «* 5a 63 

8 37 04 -I 47 35 67 


n 34 97 ~i S® *3 47 


Apn 8 4285 + 39 54 N I P E 13 31 47 u + 1 90 49 03 N I P E i3 39 55 14 + i 44 56 ,7 

4804 +3810 N ^ 3 SSS 7» + » Ss 57 S7 N ^ 44 1 +i 47 S 08 

4811 + 38 8 \ ^ « ft o 36 57 «» + ' 89 58 91 N a + g ^ 45 5 ®4 + 1 44 4 48 

4851 + 18 I N # 45 »8 87 1 83 40 69 N » 5336 66 +1 51 38 17 


4858 > 346 8 


I j 18 1 46 + 1 81 3 27 S 

39 48 74 +1 78 60 51 8 

11 *67, +i 7, 28 54 S 

4655 84 +i 75 57 58 8 


13 36 9 3 + I 56 10 81 

3 * 6 17 + I 59 7 96 

A* 34 5 * + » 18 3 ^ >® 

55 3 46 + 1 60 5 06 


* # 

4887 + 31 45 N Q - I 71 12 54 3 88 ~i 59 1 39 N Q — 1 61 13 1 10 64. -1 73 8 92 

4406 + 18 7 N 56 41 58 - 1 60 39 98 N 449 36 -I 71 47 55 

4421 +3837 N 584798 “* 57 464* 85s /8 -175 5403 


4431 U 3 4 S 


«» 54 5 * 49 ^8 49 81 

13 • 34 46 -I 66 32 80 


I 60 48 - 1 65 5* 83 S 


13 358 98 -I 61 57 37 

83308 -164 3044 
10 8 09 ~i 64 6 45 





Nagafiuni (fe) and Madras (E) and) Bangalore (B), and Madras (B) 

Mangalore (W) Magarkoil {"W) Nagarkoil (W) Bangalore 


3UMZJB! n DBDTJCnON OF CIiOOK BA.TB C0BMCTI05S FEOM 


OBSFRTATIONB OF TBAKSm 0| 


I 







Msngslore (B) sod Bell»iy (10 Madru (E) and 

Bomb »7 (W) Mangmlore (W> MB&g»lor« (W) 


U9ZS n DIDronON 09 OIOOK ItilB COBBBCHONS FSOU THB OBSZBTA.'nONS Or IBANSn# 


I&terr»If 

between Mighta of 
Obterreboas 


Huroh 5 to 7 
N 7,. 8 
.» 8,9 

» 9 , 10 

I 10 , 12 


Bate Correotionf for both Cloeli Deduced frornTramiU Obeerred at both Statical, «u ^ 
a, Comotioai (or the latenraU between Ntghta of Obiemtioni and 
IB, Hourly Oorreotbni for Dighti of Obeerratloni, Interpolated by means ed the Quantitiei a. 


a at B Station 
for 


a at W Station 
for 


S Clock W Clock £ Clock W Clock 


1 ai + 0 66 ‘ - 1 19 + 0 65 

I 41 + o 39 - I la + 0 76 „ 

0 63 4- I 18 - 0 73 + 1 oa „ 

0 97 + a 64 - 1 14 + a 45 „ 


Astronomical 
Dates of 
Obserrotions 


Correction to Obferyed 
Difference of Tiinea 
of Transit for 


March 21 to 22 

+ 3 45 

+ 0 61 

+ 3 45 

+ 0 61 

22 , 28 

+ 3 77 

•f 0 48 

+ 3 99 

+ 0 56 

, 28 24 


+ 0 45 


+ 0 38 

, 24 , 25 


+ 0 50 


+ 0 4a 

, 25 , 26 


+ 0 36 


+ 0 36 

, 26 , 27 

+ 4 65 

- 0 34 

4 54 

- 0 36 


22 + IJ3 

28 + 16a 

24 

25 

26 + 191 


April 4 to 7 + I a9 - 13 03 + i ai - la 99 April 

, 7,8 +061 - 4 45 + 044— 4 66 


W Clock 

£ Clock 

W Clock 

+ 0 02 $ 

- 0 014 

4- 0 009 

+ oa6 

“ 016 

+ 009 

+ oa6 

- 018 

f 009 

+ 035 

- 015 

+ 013 

+ 049 

- 009 

+ o»8 

+ 053 

- 008 

4 019 

+ 0 025 

4- 0 020 

+ 0 003 

■f 024 

+ 021 

+ 003 

+ oao 

+ 023 

+ 003 

+ 018 

+ 024 

+ 003 

+ 017 


+ 00^ 

000 

+ 027 

000 

- 015 

+ 027 

- 002 

- 0 181 

+ 0 002 

- 0 024 

- «8S 

+ 003 

- 02s 

- 190 

+ 003 

- 026 




TAsuarn ABsmcr oy op am obssbyahons 


AND DBDTJOnON OF THE APPARENT DIFFBBENCB OP LONOITtJDB, Al» 
AND THE SBTARDATION OP SIGNALS, p 


UADKAS (E) AND BANGALORE (W) 


Attronomiottl Powtion 


Apparent Difference of Longitude b; ObeerraUone with 


E Clock - Al > p 


W Clock •• aL 4- p 


B W Bjr N Stare By S Stars 


By N Stars By S Stars 


1887-88 

Deoetnber 13 I P JE IPS 


17 , \IPW 


29 , IPS 


Januaiy 2\IPW\IPW 


IPS IPS 



Whence AL = i - p) + (AL -f- p) } = io“ + i (39* 277 + 39* 380) = io»“ 39* 331, 
p a 4 {(AL 4 p) - (AL - p)l = 4 (39* 385 - 39* ^ 77 ) == + 0* 054 



TJtBlI m ABSmAOI 01 BBSULIS 07 AU OBSEETAlnOIIS 


fo6 


AlTD SKDUOTION 07 XHB AFFABSNT DI77EBENCE 07 LONOIItrSB, AL 
AND TH8 BBTARDATION 07 SIONALS, f. 


BAMaUOBS (I), AND KAeABXOIL (W) 



p = 1 {(AL + p) - (AL - p)} = J (35* 783 - 35‘ 633) = + o* 075 





STAJ^ZJB ni ABSmCT OF EESUIiTS OF ALL OBSEBVATION8 




AKD DEDUCTION OF THE APPABENT DIFFERENCE OP LONGITUDE, AL 


AND THE RETARDATION OP SIGNALS, ^ 


MiDllAS (EK AND NADABKOIL (W) 


Aitmiemioal 

D«t« 

Instrumental 

Position 

at 

Apparent Difference of Longitude bj Obserrations irith 

E Clock « AL ~ p 

W Clock - aL 'f p 


E 

W 

B7 X Stars 

1 

Bj S Stars 

Means 

By N Stars 

By S Stars 

Means 

1888 



M t 

m $ 

« f 

m 1 

«i # 

m s 

Ffbruarj 2 

IPS 

IPS 

11 14 949 

II 14 940 

} 

11 IS oil 

II 14 911 







f II 14 9>3 



> » 14 983 

» H 


»> 

»4 83s 

14 967 

) 

1$ otS 

14 981 

) 

8 

IP IF 

„ 

IS IIS 

IS 017 

) 

IS 113 

IS 116 

) 






»S 09> 



{ »J 193 

n « 

n 


IS 13s 

14 980 

) 

IS 198 

IS 146 


,» 4 

, 

IP w 

IS 07s 

14 970 

) 

IS 191 

IS 108 

) 






[ 15 041 



\ IS 150 


» 


15 69* 

IS 0*7 

J 

15 ‘78 

IS III 


6 

IPS 


14 818 

14 716 

) 

14 891 

14 886 

) 






> 14 800 



\ *4 m 

W M 


» 

14 806 

14 848 

) 

14 9»<> 

14 993 

) 

» 6 

H 

IPS 

14 851 

14 817 


14 96a 

*4 99S 

) 






> 14 881 



\ IS 007 

* » 

» 

» 

14 93» 

14 893 

) 

IS 017 

IS OSS 

> 

1 

I p w 

» 

IS 009 

14 913 

) 

IS I7S 

IS 191 

> 






> IS 006 



\ IS 167 

8 1 

' 


«s 119 

14 983 

) 

*S ia7 

15 17* 


/ 

IPS 

IPS 

II 14 897 

II 14 907 

II 14 903 

II IS «»S 

II 14 986 

it 14 99S 

\ 

IP r 


IS III 

14 975 

IS 049 

15 178 

IS 181 

15 180 

Ileanf- J 









] 


IP w 

IS 084 

14 999 

IS 041 

»S '8s 

15 "S 

»5 ISO 


I P E 


14 813 

14 787 

14 800 

14 9‘o 

14 940 

*4 9*5 

General Means 

II 14 9,9 

If 14 917 

II 14 948 

n 15 070 

II rs 056 

n 15 o6^ 


Whence AL » | {(AL - />) + (AL + />)} = ii“ + i (14* 948 4- 15* 063) = 11“ 15* 006, 
p = \ {(AL + /?) - (AL - p)} s= i (15* 063 - 14* 948) =4-0* 058 




mtsrn ijssmor oi* bbsitlts o? all OBSBBVATiONa 


9P$ 


AHD DEDUCTION OP THE APPABENT DIPFBBENOB OP LONGITUDE, AL 
AND THE BBTABDATION OP SIGNALS, p 


MAdABKOIL (S) AND MANQALOBK (W) \ 


Aatrononicil 

Dfttd 

loitrumental 

Foiitioa 

at 

Apparent Dtlferenoe of Longitude hj Obeemttoni witfar 

E Clock • AL - p 

W Clock - AL + p 


B 

w 

Bj N Stan 

B7 S Stars 

' ' 

Means 

Bj M Stars 

Bj S Stars 

Means 

1888 



m i 

m * 

m » 

m 1 

m t 

m jr 

Fcbnia^ 18 

IPX 

IPX 

to 11 igS 

to 11 131 


to 11 326 

10 It 241 

) 






> 10 11 107 



> 10 11 191 

f II 

» 

»• 

11 103 

11 056 

) 

11 163 

11 i?3 

) 

• 19 

tPW 

, 

11 oil 

11 043 

) 

«' >S4 

11 15s 

) 






> 11 017 



\ 11 097 

» 


• 

11 OJI 

11 013 

) 

ai 034 

It 049 

) 

20 

t) 

IP w 




11 169 

12 181 

) 









t *» >97 

t 

1 





It 209 

It 339 

) 

» » 

IPX 

„ 




11 250 

at 362 

) 









[ 11 351 

M 1 

• 

ft 




21 255 

31 243 

) 

H 22 

„ 

„ 

11 ogi 

11 184 

) 

It 217 

31 329 

) 






> 11 161 



[ 11 357 

II « 

• 

n 

11 181 

11 189 

) 

11 294 

31 389 

) 

1 84 

I PW 

, 

11 101 

11 114 

) 

11 319 

It 319 

) 






> 11 101 



[ *> ‘83 > 

1 t 

1 

’ 

11 074 

11 111 

) 

21 141 

31 IS» 



IPX 

IPX 

10 11 III 

10 11 094 

10 It 107 

10 11 195 

10 li 187 

10 21 191 

\ 

I PW 

II 

11 016 

11 028 

11 017 

11 094 

31 101 

11 097 

Meui J 










• 

I ?w 

11 090 

11 113 

11 101 

SI 185 

31 19s 

11 190 


IPX 


11 136 

11 187 

11 161 

ai *S4 

31 256 

31 ISS 

General Meane 

10 11 093 

10 11 105 

10 11 099 

10 21 183 

10 11 185 

10 31 183 


Whence AL = i {(AL - p) + (AL + p)} « lo™ + ^ (2i‘ 099 + 21* 183) = to® 21* 141, 
p s= J {(AL + p) - (AL — p)} = J (21* 183 ~ 21* 099) a= + 0* 042 








TASIS m ABSTEAC3T OP RESULTS OF ALL OBSBBVATIONS 


309 


AND DEDUCTION OP THE APPARENT DIFFERENCE OF LONGITUDE, AL 


AND THE RETARDATION OP SIGNALS, p 




TASLIS ril ABSTBACT OB lESTTLTS OB AIX OBSEBVATIONS 


310 

AND DEDUCTION OB THE APPABENT DIBBEEENOB OB LONGITUDE, AL 
AND THE EETAEDATION OP SIGNALS, p 


BELLAEY (B) AND MANGALOBB (W) 


Instrumental 

Position 

at 

Apparent Difference of Longitude by Obsenratione with 

Aitronomical 

Date 

E Clock -• 4 L •> p 

W Clock <■ aL +• p 

1 

1 ^ 

w 

By N Stars 

By S Stars 

Means 

By N Stars 

By S Stars 

Means 

1688 

Ml roh 21 

IPS 

I P E^ 

m e 

8 «9 55 S 

»9 S »4 

m » 

8 19 467 

19 500 

j 8 19 513 

fli « 

8 19 64s 

19 640 

f)i t 

8 tg 658 

19 638 

i» « 

1 8 19 643 

i2 

•• 


*9 S^« 

*9 558 

19 568 

19 581 

j 19 560 

»9 733 

19 638 

19 698 

19 645 

j 19 674 

23 


> 

19 448 

19 480 

19 461 

‘9 495 

1 19 47 ' 

>9 673 

19 69^ 

19 853 

19 710 

1 19 683 

, 24 

I P w 



19 586 

j 19 586 

19 640 

*9 657 

19 7'5 

19 673 

j 19 671 

S 5 

* 

I PW 


, 

! 

19 689 

19 739 

19 731 

19 731 

j »9 7 »S 

26 

» 


19 617 

19 647 

19 619 

19 633 

1 19 639 

19 817 

19 783 

19 ,53 

>9 757 

1 19 780 

, 27 

I P E 


19 651 

19 604 

19 667 

19 6i3 

j 19 839 

19 798 

19 768 

•9 783 

19 743 

1 19 773 


I P E 

I P E 

8 19 516 

8 19 su 

8 19 5'4 

8 19 667 

8 19 665 

8 19 666 

Mean* ) 

I PW 



19 s86 

19 586 

19 649 

19 694 

19 671 


I P H 

19 631 

19 636 

19 639 

'9 7 a 4 

19 740 

'9 747 


I P E 


19 018 

19 650 

19 639 

>9 783 

19 763 

>9 773 

General Meani 

8 19 S93 

8 19 59 ? 

8 '9 592 

8 19 71? 

8 19 716 

8 19 7'4 


Whence AL = i { (AL - 

p) + (AL + rfj 

= 8“ J- i (19* j92 + 19* 714) 

= 8"* 19* 653, 






= i (19'' 714 - 

- 19* -,92) = + 0* 061 






TAJiLlB m ABSTRACT OF RESULTS OF ALL OBSERVATIONS 


»ti 


AND DEDUCTION OF THE APPARENT DIFFERENCE OF LONGITUDE, AL 


AND THE RETARDATION OF SIGNALS, p 


MANaALORB (E) AND BOMBAY (W) 

Aftronomical 

Dftt« 

Initrumental 

PosiUon 

at 

Apparent Differenoe of Longitude by Obiervationi with | 

B Clock •> aL - ^ 

W Clock *• AL 4 p 1 

E 

W 

By N Stars 

By S Stars 

Means 

By N Stars 

By S Stars 

Means 

1888 

ipnl 4 

7 

8 

I P W 

TIE 

J PW 

1 P E 

m t 

8 7 038 

7 050 

7 119 

7 079 

7 206 

7 101 

m $ 

8 7 02? 

6 988 

7 114 

7 111 

7 206 

7 108 

m « 

1 8 7 030 

j 7 106 

1 7 

m « 

8 7 194 

7 389 

7 ^8i 

7 318 

7 545 

7 6*4 

m a 

8 7 344 

7 4 H 

7 313 

7 136 

7 500 

7 599 

w < 

1 8 7 188 

1 7 350 

1 7 587 

Msans | 

I P W 

I 1 E 

I P W 

I P L 

8 7 077 

/ iSS 

8 7 0,9 

7 2S7 

8 7 068 

7 *56 

8 7 376 

7 585 

8 7 36* 

7 550 

8 7 369 

7 587 

General Mtiuis 

8 7 166 

8 7 158 

8 7 162 

8 7 481 j 

8 7 436 

8 7 468 

Whence AL s= i {{AL - p) + (AL + /?)}== 8™ + i (7* 162 + 7* = 8“ 7* 315, 

/3 = + p) - (AL - p)} = i (7* 468 - 7* 162) = + 0* 1 53 





ELECTRO-TELEGRAPHIC LONGITUDES 

1889-90. 

INDIAN ARCS. 

abstract oe the obseryations 

AND 

REDUCTION OE THE RESULTS. 



The Explanation of Table I, given on page 2 , applies equally to the observations of 1889 90, in which the same Telescopes 
used with the same Micrometers and the same wire systems 
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:r (Telescope No 2) AGKA (Telescope No 1) | AGRA (lelesco 


at6 TABLE I ABSTHAOl? OP DBTBEMINATIOKS OP COLLIMATION AKD LEVEL OOBEEOTOH^OKSTAKIIS 

















at« RIBCM 1 ABSTRiOT OT BBTKBMINATIOirS OF COlUMATIOIf AND tETBL OOBWSOnON-CONariNra 







AGEA (E) AJIB MOOLTAN ^W) 


HBtlg IT DEPUOTION OF DEVIATION COEBECTION, a, FROM STAB OBSUBVATIOITS 


Comintiona fnv i a ^ I d ^ ^ 




E 179 Ot 72 
1324 „ 

, IG r PW W Groom 2288 


E 179 Gr 72 
1324 n 
W 326 „ 

, 1424 » 



u ill' 

I « p *S I g 

II I i jSi ! 

^0 J- ■a a 


l||l| 
III 
1 Ml 


1/9 Gr 72 

U 

6 

-0 078 

«,S» 3 ^ > 

-0 39 

-0 40 

+ 1 67 


32 98 

1324 „ 

L 

5 

t-O 091 

a 27 22 5 

+ 0 36 

-rO 14 

-I 67 

1-0 23I21 36 

Groom 2283 

L 

2 

+ 0 497 

a 45 so 7 

+ 2 08 

+ I 43 

+ 1 67 


^5 88 

326 Gr 72 

U 

* 

-0 298 

3 4 16 4 

-1 32 

-1 10 

+ 1 67 

-0 09 

'5 58 


L 6 +0 J05 3 »i *s 0 +0 4iH 


1 51 5« 8 + 0 19 8s 
I S7 40 4 + 0 18 sJ 


i 67 "0 18 S3 74 3 47 54 6 +s6 30 86 
I 60 13 91 I £1 51 8 + 0 18 89 


U 6 -0 078 1 51 IS. 3 +d SI -0 11 +1 60 13 91 I £1 51 8 + 0 s8 89 

Rejected 

L 2 +0 091 1 s6 49 3 ->0 SI +0 Of —I 60 +0 23 47/9 s 27 40 4 +0 51 61 

L 1 +0 4J7 2 45 £7 9 -I so +0 /6 1 60 39 06 3 is 39 6 +s6 30 54 +13 

+ !£ 0 

U 2 -0 198 3 4 36 3 +0 76 -o £9 + 1 60 -0 09 27 98 3 30 46 6 + 36 18 62 

+ 16 4 

L 6 ro 105 3 31 31 3 -o 24+0 10-1 60 -0 18 39 38 3 47 £4 6 +36 3J 23 

U 7 — o 0/8 I 51 13 6 +0 22 -0 38 +1 60 13 04 1 51 £2 8 +0 37 /6 

4 - 7 o 

L 3 1-0 091 2 27 29 -0 21 +0 13 -I 60 +0 23 I 4£ 2 27 40 4 + 0 38 95 

+ >4 

U 2 -0 298 3 4 33 7 ■‘•0 76-1 05+1 60 37 01 3 30 46 7 ■*■*6 9 ^9 

+ 21 0 

L 6 >0 105 3 21 38 2 -t 24 +0 17-1 6e-o 09 36 44 3 47 54 * +*® >8 


E 179 Gr 72 

1324 „ 

E 179 Gr 72 
I 1324 „ 

W 326 „ 

„ 1424 „ 


U 7 -0 0/8 1 50 57 7 -0 39 -o 01 +i 60 38 90 I £1 £2 8 +0 S3 90 

L 5 +0 091 2 27 00 +0 36 o 00 - » 60 +0 23 38 99 2 27 40 4 4- 0 41 41 


U 6 -0 078 I 50 54 2 -o 39-0 29 n 60 55 12 I £» 5a 7 +0 £7 58 

- S 5 

L 4 +0 091 2 26 44 6 +0 36 +0 lo-i 60 ro 23 43 69 2 27 40 4 +0 56 71 


U 2 -o 298 3 


20 44 O +0 30 -TO 10 - 
4 46 9 -1 32 -o /8| + 


46 40 3 30 46 8 + O 4< 


M U +0 “>3 3 *» 54 7 +0 4> +0 »3 ”‘ H"® ®9 S3 55 3 4/ 54 5 + 0 95 


E 179 Gr 72 U 7 -0 078 i 50 45 4 -o 39 -o 23 +1 61 46 39 i 51 52 7 +16 31 

1324 ,/ L 4 +0 091 3 36 33 9 +0 36 +0 08 - I 61 +0 23 32 96 3 27 40 5 + I 7 54 

W 326 ,/ * U 2 -0 298 3 4 49 o -1 32 -0 62 + 1 61 38 67 3 30 46 8 +25 48 1 3 

, 1424 , L 5 +0 105 3 22 o 6 +041+010-161-0095941 3 47 54 5 *5 55 09 


W 326 Gr 72 
1424 „ 

B 179 Gr 72 

~ 182* .. 

W 826 H 

» 1«* » 


XJ I -0 298 3 4 57 7 +0 76 -0 25 -► I 54 3975 330469 US 47 >5 

L £ +0 io£ 3 23 10 4 -o 24 +0 04 - I 54 -e 09 8 57 3 47 £4 5 +*S 45 93 

U 4 -o 0/8 I 50 3£ 3 +0 32 -o 08 +1 51 26 95 I 51 5* 7 * *5 75 


U 4 -o 0/8 I 50 3£ 3 +0 32 -o 08 +1 51 26 95 I 51 5* 7 * *5 75 

L 5 +0 091 3 26 17 3 -o 11 +0 03 -» 5» ^o 33 15 84 3 27 40 5 + 1 34 66 

JJ 2 -0298 35 38 +076-023+151 584 330^9 +»S4>o6 

33117 a -024+004-151-0091540 347545 ’*■*5 39 ' 


L £ +0 104 









MOOLIAV {Latitude 


TdSLJil n BIBBTTOTION OF DBViATIOir COEBECTION, »# FSOM STAB OBSBBTATIOJrS 




Nov 16 rp ir W awom 2288 


„ 16 Z P r W aroom 282 


„ 17 U P P W Oroom 2283 


20 IP r W aroom 3288 


L 5 -TO 090 351431 +033+004-1 

L 1 +0 484 3 13 16 6 +j 31 +0 36 +1 

XJ 6-0 368 3 30 30 3 -0 83 -o 37 +: 
L 5 +0103 347461 +036+005- 

U / -0 075 3 17 41 3 -0 34 -o 14 

L 5 +0090 351340 +0 31 +0 0 - 

L 3 +0 484 3 13 36 3 +1 13 +0 51 + 
U I -0 a88 3 10 39 1 -o 81 -0 19 + 
L 5 +0 101 3 47 «3 6 +0 36 +0 O/ - 

U 7 “0 075 3 47 II a +0 08 +0 31 + 

L 1 +0090 351333 -008-009- 

L 0+0484 313301 -044-087 + 

U 1 -0 388 1 3® 49 5 +0 38 +0 66 ^ 

L 6+0103 3 48 6 3 -009-013- 

U 8 -0 O/S 117318 +0 08+0 18 > 
L 1 +0090 3 S3 13 9 -008-007- 

U 3 - 0 388 3 30 54 3 f 0 38 + 0 $0 + ; 

L 8 +0 101 3 48 8 3 -0 09 -o 09 -1 

u 5-0 0,5 3 17 II 5 +0 08 +0 31 +1 

h 5+0484 137556-044-084+1 

U 3-0 388 3 1® 59 8 +0 38 +0 64 +1 
L 8 +0 101 3 48 16 3 -o 09 -0 u — 1 

U 7 -9 07s 3 17 3 7 -0 14+0 31+1 

h 1+0 090 1 51 56 1 +0 31 -0 08 —I 

L 5 +0484 3 ** 59 4 +113-077+1 

IT 1 -0 188 3 3* 8 I -0 81 +0 58+1 

L 10 +0103 348336 +036-010-1 

IT 5 -0075 153337 -034+019+1 

L 4 +0 484 3 13 a o +1 33 -0 71 +1 
IT 3-0 388 3 31 19 5 -0 81 +0 54+1 
L 1 +0101 348394 +0 36-0 10-1 


71 41 66 3 87 40 4 -36 I 36 

71 19 99 3 13 39 * + 0 9 s* 

71 -0 09 30 81 1 30 46 6 + 0 15 78 

71 -o 18 44 53 3 47 54 6 + 0 10 08 


7 ' 41 51 I S« 5 * 8 -35 49 71 

71 +0 31 13 80 a 37 40 4 -35 53 4« 

ti 19 74 3 11 39 6 - 0 0 14 

71 -o 09 19 70 3 30 46 6 +0 6 90 

71 -o 18 S3 04 3 47 54 6 +0 3 56 

70 13 31 I 5 * 5 * ® "^S 40 4 > 

,0 +0 31 31 66 3 37 40 4 -35 41 36 

70 30 59 3 13 39 6 - o 0 99 

70 -o 09 S3 ©s 1 30 46 7 -OS 15 
70-0 )8 58 11 1 47 54 6 - 0 3 51 

,0 31 ,6 I SI 53 8 -35 30 96 

,0 +0 21 12 38 3 37 40 4 -35 31 88 

,0 56 78 1 30 46 7 - 0 10 08 

,0-0 09 6 33 3 47 54 6 - 0 II 71 

68 11 49 I S» 5 * 7 -*S *0 79 

68 +0 14 56 14 3 II 39 6 -25 36 54 

68 a 40 3 30 46 8 - 0 15 60 

68 -0 09 14 31 o 47 54 S “ « *9 83 

65 '43* 5» 5* 7 -*3 " 63 

65 +0 *3 55 03 » *7 4 ® 5 -as >4 S 3 
65 I 60 3 13 29 6 - o 33 00 

65 -0 09 9 41 3 30 46 8 - o 33 61 

65 -0 18 31 91 3 47 54 5 “ 0 *7 41 

65 35 30 I 51 5 * 7 - 0 3*'6o 

65 -0 41 3 84 1 13 19 6 - 0 34 34 

65 10 86 3 3® 46 9 - 0 31 96 

6s -o 09 37 83 3 47 54 5 - 0 33 3 * 




AGBA (E) jun> KABACHI (W) IaGBA (E) ahd MOOLTAE CW) 

AG^A (lAtitude 27 loO MOOLTAB (Latitude 30 ii ) 


WJSZn n DUDTICTION of DEVUTIOIT OOEBBOTION, a, ISOM STAB OBSEBTATIONII 



B 179 Gr 72 
.» 1824 „ 

I P B W Groom 2283 


% m t 

U 8 -007s **6447 +0 08 +0*3 +169 4670 » SI 5* 7 -a4 S4 

L 3 +0 090 a s* 3 ® 4 ~o 08 -o 09 -I 69 +0 >3 34 77 a a? 40 s -14 S4 »7 

L 4 +0 484 3 13 7 a ->« 44 -0 84 +1 69 7 61 3 13 29 6 — • 38 01 

U 3 -o a88 3 31 aj 9 +0 a8 +0 64 +> 69 -o 09 38 43 3 30 4^ 9 ~ ® 4* 5* 

L 6 +0 103 3 48 37 a -0 09-0 II -I 69 -o 18 35 13 3 47 54 5 “ ® 4® ^3 


E 269 Or 72 TJ a -o 091 a 31 33 o -o 31 -o 32 +i 48 32 84 a S* 3* 7 — ® ** I4 

"33 I 

1364 „ I 3 +0 ai2 3349 +0 62 +0 38 - I 48 +0 03 4 47 3 a 36 6 — 0 37 87 -33 4 

Deo I I P S , Lalan (P) 2774 I 3 +0 270 3 39 38 3 +0 79 +0 51 +i 48 +0 33 41 41 3 59 11 8 - 0 29 61 

W 880 Or 72 Da -©134 320542 -050-047+148 5471, 4 S 37 6 +45 889 

-30 a 

1612 „ I 4 +0114 346533 +0 32 +0 13 -I 48 +0 02 31 31 431463 +44 34 79 


B 269 Qr 72 U ? -0 092 a 51 39 3 +0 i^-o 23 +i 49 4® 7® a 51 31 7 - 0 9 00 

—78 a 

, 1364 „ I 3 +0 2ia 3 3 10 9 -023+026-149+005 947 3 2367 -03*77 

-73 3 

2 I P W Groom 642 tJ 3 ►-o 298 3 je 41 3 +0 38 -0 34 + 1 49 +0 *9 43 ®* 3 3® 47 6 + ® 4 39 , -73 « 

• -69 I 

„ LaUn(F) 2774 I 3 +0270 3 S9 44 ^ -032+033+149+0^^4645 3 59 •> 8 -03463 “7*3 

„ 1612 Gr 72 I 3 +0114 432121 -0 13 +0 11 -i 49 +0 49 11 08 4314^3 -03478 

E 269 Gr 72 U 4 -0 093 2 51 33 8 +0 13 -e + 1 30 33 20 a 51 31 6 - 0 3 60 

•»66 0 

, 1864 „ L 3 +0 213 3 3 I 9 -025+027-150+003 047 3 2368 -02367 

„ Groom 642 IT 3 -0298 330351 +038-057+150+0193660 330476+01100 

3 I P TT “®7 9 -67 I 

, Lalaii (F) 2774 L 3 +0 270 3 59 37 5 -o 32 +0 36 +i 50 +0 3? 39 37 3 59 11 8 - 0 27 57 


W 880 Gr 72 
» 1612 „ 


U 3 -0 154 4 30 45 a +0 20 -0 33 +1 50 


46 57 4 3 57 6 +43 n 03 


L 5 +0 114 3 46 54 7 -® *3 +0 » -I S® +® 53 *0 4 3M6 a +44 33 0® 


» 4/PJP 


B 269 Qr 72 U 3 

,* 1864 „ L 3 

„ Groom. 642 U 3 

„ LeUo (F)2774 L 4 

W 880 Gr 72 U 3 

1612 „ L 4 


tJ 3 -0 092 a 51 qo 4 -0 32 -0 aa +1 55 31 41 * 6* 3* 6 +00 19 

—37 o 

L 3 +0 2v 3 a 48 3 +062+025-159+0054787 3 2368 -01107 

U 3 -0 *98 3 30 38 2 -0 94 -0 S3 + 1 41 +0 «9 38 as 3 3® 47 6 + « 9 33 

-58 8 

L 4 +0 270 3 59 ai 6 +0 79 +0 34 +1 43 +0 31 24 49 3 39 ** 8 - 0 la 69 

U 3 -0154 3*0494 -050-031+141 5002 4 5 67 6 +45 7 58 

-41 0 

L 4 +0114 346546 +032+010-143+0034961 43146 a +445659 


D 5 -0 09a a 51 #3 6 -0 32 -0 la +i 49 


*4 55 * S' 3» 5 + ® 6 93 


„ Groom 642 U 4 -0 198 3 30 33 o -0 94 -0 53 +i 49 +0 19 33 ai 3 3® 4? * +0 *4 39 -18 1 

-33 7 

,f B I P P fT IaIm (P) 2774 1/4+0 ajo 3 39 13 6 +0 79 +0 34 +1 49 +0 33 16 55 3 39 « 8 - ® 4 75 

W 880 Gr 72 IT 3 -o 154 3 ae 49 a -o 50-0 31 +1 49 49 88 4 5 57 * +4l 7 7* -38 7 

M 1612 „ L 4 +0 114 3 46 49 8 +0 3a +0 loj-i 49 +0 oa 48 73 4 31 56 1 +44 57 33 
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mjLBiM n DEPtrcn?iosr of mvumn coEiBOTioir, », from stab obsbbtaTioiis 



209 Gr 72 

V 

3 

-0 09a 

2 SI 15 4 

40 13 

-0 16 

4 1 49 


16 86 

a 5> 3* 5 

4 0 14 64 

1864 „ 

L 

3 

40 212 

3 a 38 7 

-0 25 

40 1^ 

-I 49 

40 05 

35 >9 

3 *37 0 

4 0 I 61 

Groom 642 

U 

1 

-0 298 

3 30 *7 4 

40 38 

-0 39 

j-> 49 +0 >9 

16 09 

3 SO 47 6 

r 0 at 51 

Lalan (F)2774 

L 

3 

40 270 

3 59 7 8 

-0 3* 

40 25 

41 49 

+ 0 33 

9 35 

3 59 n 8 

+ 0 3 45 

880 Gr 78 

U 

3 

-0 154 

3 20 46 4 

40 20 

-0 23 

41 49 

1 

47 86 

4 5 57 6 

+45 9 74 

1512 „ 

L 

4 

40 114 

3 48 49 9 

-0 1? 

+ 0 07 

-1 49 

40 01 

48 37 

4 31 46 1 

+44 57 73 


Deo 1 / P r W Groom 642 


1 269 Gr 72 
, 1364 , 

S IP W W Groom 642 


— 0 16 

— 0 09 

41 60 

40 3a 

■*•0 10 

-I 60 

-0 49 

-0 22 

41 60 

40 41 

+ 0 13 

4 1 60 

40 17 

+ 0 04 

“1 60 

-0 16 

-0 09 

41 59 

40 32 

40 10 

V 59 

-0 49 

-0 32 

+ 1 59 

40 41 

4 0 13 

41 59 

40 17 

4 0 04 

|-> 59 


45 95 » o» 3* 7 -44 >4 *5 


M 49 3 30 47 6 + 3 a? n 


48 34 a S» 3« 7 -44 »6 64 

5 55 »8 3 a 36 7 -44 18 48 

48 48 3 30 47 8 +0 59 I* 


E 269 Gr 72 U 5 -0 095 3 35 40 a -0 oa 0 oo + i 61 41 79 a 5t 31 6 -44 >o ^9 

1864 L 4 +0 ais 3 46 49 6 +0 05 o oo~i 61 +0 05 48 09 3 s 36 8 -44 11 29 

8 / P P W Groom 642 U 4 -0 3 39 47 5 -0 07 o 00 + 1 61 49 04 3 ^0 47 6 +0 58 56 

„ Lolan {F) 2774 L 4 +0 275 3 58 10 6 +0 06 o 00 +i 61 +0 02 la 29 3 59 n 8 +0 59 51 

1512 Or 72 L 6 +0 115 4 30 49 3 +0 oa 0 00 -i 61 +0 04 47 65 4 31 46 2 + 0 58 55 

E 269 Gr 72 D ^ -0 093 3 35 3» * -0 oa -o 17 +i 60 33 61 1 51 31 6 -44 2 01 

II 1864 , L 4 +0 215 3 46 45 7 +0 05 +0 18-1 60 +0 05 44 38 3 2 36 8 -44 7 58 

4 i I P X W Groom 642 tJ 6 -0 305 3 39 41 1 -0 07 -o 40 +i 60 4a 33 3 30 47 6 +1 5 27 

„ Lalan (F) 2774 L 5 +0 275 3 58 13 4 -t-o 06 +0 24 -f i 60 +0 oa 15 3a 3 59 n 8 + o 56 48 

, 1612 Gr 72 L 6 +0 115 4 30 50 5 +0 oa +0 07 -i 60 +0 04 49 03 4 31 46 3 +0 57 17 


E 269 Gr 72 D 3 -0 095 3 35 as 8 -o oa -o ag +i 39 27 08 a 51 31 5 -4? 55 58 

, 1864 „ L 4 +0 315 3 46 38 5 +0 05 +0 32 - I 59 +0 ©5 37 33 3 a 36 9 -44 0 43 

6 J P F W Groom 642 U 6 -0 ^05 3 29 41 t — o 07 ~o 70 ■«> 1 $9 4* 9* 3 30 47 6 + * 5 68 

„ LalBn(F)2774 L s +0*75 358127 46 06 -f e 43*^} 59 -fo 01 14 80 359118 + 0 57 oo 

n 1618 78 I' 7 +0 115 4 30 48 6 40 03 4 0 la — t 59 4o 04 47 19 4 31 46 ■ 4 o 38 91 






KABACHI 0 



Adopted Telne Af 








FHm(19 ^ut» BOMBAY (W) AO&A (K) ato KALIA’fBUK (W) 


fPdBZJB af DBDTJOlflON OF DBVIl'EION COBSKMOir, FBOM WCAB OBSmVATrO»rS. 



1890 

Ju 1 7P2f 


W lUMFt 1311 
!• f TTriB Minom 
I, Qroom. 1004 
„ 3 'Urm Minoiu 

W Kidoliffemi 
I, ( TJnn Mmons 
, Groom 1004 
„ i tTritt Minoru 

W lUdohffolSll 
, « Une ^inoni 

„ Groom 1004 
, t UruB Mmont 

W Bftdoliflo 1311 
„ < T7n» Minoru 
„ Groom 1004 
n B XTrte Mmoni 

W lUdoliffeiail 
t ( TTne Minoni 
„ Groom 1004 
„ t Vnm Minoru 

W RndcliffalSll 
„ « Urse Minoru 
„ Groom 1004 
B Urau Minoru 


-0 370 4 53 35 0 
+ 0 158 4 36 43 5 
-0 353 6 3 34 7 
+ 0 353 i 7 6 8 

-o 370 4 5* 35 4 
+ 0 158 4 56 4a 7 
-0 353 6 3 34 o 
+ <» ^53 6 7 56 

-0 370 4 5a 33 6 
+ 0 158 4 56 48 3 
“0 353 6 3 9 5 
+ 0 353 6 7 18 5 


+0 58 +0 3a + 1 71 
—0 31 -0 i 4 +i 71 
+0 75 +0 40 +> P 
-o 73 -o 39 +1 71 

+ 0 58 +0 48 + j 58 
-o 31 -o 15+1 58 
+0 75 +0 60 + 1 58 
-0 73 -o 44 fl 58 

-I 07 -o 44 +1 56 
+ 0 58 +0 14 I 56 

-I 39-0 55+1 56 
+ 1 33 +0 40 + 1 56 


-0370 4 5* 33 9 -107-047+157 

+ 0 158 4 56 45 9 +® 58 +0 <S +^> 57 

-0 35a 6 *3 11 I -I 39-0 581 -h 57 

+ « 353 6 7 »6 a +1 33 +« 43 + « 5/ 


-0 4S 

+ I 59 


*3 77 

40 1441 59 

0 00 

46 81 

-0 56 

+ « 59 


10 64 

40 42 

41 59 

0 00 

16 74 

40 26 

41 60 


as 04 

-0 08 

41 60 

0 00 

43 ai 

+ 0 31 

4 I 60 


12 08 

-0 34 

4 1 60 

0 00 

9 64 


37 61 4 53 0 9 + 0 33 39 

0 00 44 80 4 57 81 4 0 33 30 

a? 56 6 3 57 a +^o 19 64 
0 00 7 50 6 7 31 4 + 0 33 90 

04 4 53 09 4 o 33 86 

0 00 43 83 4 57 83 4 0 34 38 

<6 93 6 3 57 a 4 0 30 37 

0 00 6 03 6 7 31 4 4 0 35 38 

13 65 4 S3 0 9 + 0 37 as 

o 00 50 58 4 57 8 3 4 0 17 63 

9 II 6 3 57 a 4 0 48 08 

0 0 31 79 6 7 31 4 4 0 9 61 

*3 93 4 53 0 9 4 0 36 97 

0 00 48 30 4 57 83 4 0 20 10 

10 70 6 3 57 a + 0 46 50 

0 09 tg 5) 6 7 31 4 4 0 II 87 

*3 77 4 53 0 9 4 0 3? i; 


as 04 4 53 0 9 + 0 39 86 

43 ai 4 57 8 4 + 0 as 19 

la 08 6 3 57 3 4 0 45 13 



61 Oepbei 

U 

4 

-0 411 

6 48 57 6 

-0 83 

-0 13 41 

60 

S8 as 

6 49 4 9 

4 0 6 65 

Radolifle 4208 

L 

3 

40 350 

6 40 S3 9 

40 67 

40 08 41 

60 

0 00 56 35 

6 50 35 3 

“ 0 ao 95 

A UrM Minoru 

L 

a 

41 141 

7 13 89 • 

43 33 

40 39 4 1 

60 

63 33 

7 S3 38 6 

+ 18 35 38 

Groom 1119 

U 


-I II7 

7 *7 46 7 

-a 33 

-0 31 4 1 

60 

-0 03 45 75 

7 47 38 a 

+ ‘9 5 * 45 

81 Ceplioi 

U 

3 

—0 411 

6 48 59 a 

-0 8? 

-0 31 41 

70 

59 76 

6 49 4 9 

+ 0 5 14 

RndoliiTo 4808 

h 

3 

4 0 350 

6 50 49 9 

40 67 

4 0 30 4 1 

70 

0 00 53 47 

6 SO 35 3 

- 0 17 17 

X Un« Mmorii 

L 

3 

41 141 

7 *3 54 6 

43 33 

40 73 41 

70 

89 »6 

7 3 » 38 3 

4 18 39 0^ 

Groom 1119 

V 

1 

-1 117 

7 »7 56 9 

-3 33 

-0 79 41 

70 

-» 03 55 57 

7 47 38 8 

+ 19 43 *3 
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luais a omimos or devumok coebbohos, «, mm stab obsbbtations 


















Conecdaoiis 












U ’BtmvmOTS or DBVUTION CQmSXmOTK, <r, IBOM STAB OBSBBTATlOWra 











KABACHl (E) AWB QUETTA 


IT DBDirOTIOK OF 0BVIATIOK COREBCnON, «» FEOK STAB OBSERVATIONS 


"8 la 

I Oomotiona for f 'S '** I 

I I “f “ Ob«md 

I iciJL M, C |l -llll 

3 i Tr*n»it , toTol ^ Sj.JS32i<§ 

« ^ A ra*tion tioa l-J 'gg 'lilJg 




I t » 8147 

,t Groom 1845 


E Brodlaj 2935 
I , Groom 3709 


, 3147 

Groom 1845 


10 30 4 S S 

+ 1 3 > 

4 0 37 

41 91 


48 99 

10 a I 8 

10 30 53 a 

4 1 31 

40 37 

4 l 91 


85 89 

10 a 8 9 

10 3 a 33 4 

-1 9 , 

-0 60 

41 91 

-0 06 

31 7 a 

»o ‘3 45 9 

11 46 19 6 

+ 3 03 

40 74 

-I 91 


ai 46 

n 37 aS 3 

la 13 a 6 3 

—I 18 

— 0 40 

-1 91 

-0 IS 

aa 66 

n 54 4 * » 


+ 0 *55 

10 30 ja 4 

+ » 3 * 

40 39 

0 00 


54 00 - 

to a I 9 

+ 0 *55 

10 30 58 9 

+ « 3 * 

40 39 

0 00 


60 so 

10 a 8 9 

-0 aoa 

10 3 a 3 a I 

-I 9 ) 

-0 6 s 

0 00 

— 0 06 

39 46 

10 M 45 9 

‘■0 347 

11 46 a 6 0 

+3 01 

40 79 

0 00 


19 8 a 

11 37 a 8 s 

-0 118 

la 13 34 9 

— 1 18 

-0 41 

0 00 

-0 15 

« *4 

11 54 4 * » 


W Bradley 3194 L a +o 307 11 55 56 5 +0 36 -0 03 +1 85 S8 76 11 $4 05-1 58 a6 

1672 U 1 -0 677 la IS i; s -o *3 +® »3 *5 -0 ®9 *4 86 i> 15 19-0 11 96 

E 48 L 3 40 tsa la 31 17 i •*•0 17 -o oa -i 85 15 40 ta 31 19 9 4 0 4 50 

Groom 1923 U 3 -o 19a la 37 la 8 —0 33 +0 05 -1 85 4o oa 10 77 la 37 53 i 4 0 4 a 33 


W Bradley 3194 
1672 

E , 48 

Groom 1923 

W Bradley 3194 
1672 

E , 48 

Groom 1823 

W Bradley 8194 

I I 1672 


W Bradley 8194 
, ,, 1672 


U I —0 677 
L 3 40 15a 


L 3 +0 15J 

XT 3 -o ]^a 

L 2 4 0 307 
U I -o 677 
L 3 40 153 
XI » -0 19a 

L a 40 307 
U I -0 677 
L 3 +0 i^a 


11 56 »9 7 
la IS 49 1 
la 30 S 3 6 
i la 36 48 4 


- 0 1 1 -o o 5 - 1 80 4 0 02 o 68 

4 0 36 -o 34 41 84 «B 36 

-0 83 40 98 - I 84 -0 09 34 03 
+ 0 17 -o 13 -I 84 1 00 

-0 35 40 33 -I 84 40 oa 56 36 

40 36 -0 44 4 1 8 s 33 ,J 

-O 83 4 I 38 - 1 85 -O 09 43 41 
40 17 -o 17 -I 85 56 ss 

-0 35 40 43 - I 85 4 0 03 S» 

40 16 40 05 4 1 88 31 79 

-o 38 -0 13 -1 88 -0 09 46 63 
4 0 68 *0 03 -1 88 s» 81 

-O II -0 OS -1 88 40 03 46 38 


* Kd obMfTationii vew taken for the determination of the dermbon oorrecUoni it hnd therefone to be dedaoed frsna Uie nadiagi of tiro eoUiiMtovt, 
iremiowid on April 9tli to lutre remained unmorable rinoe Apnl Tth. 








QUETTA (Lalitodr 30 


irjszx n DBDtroMoir of dbvutioit coeeeotion, «. fbom siab ob&taMOOT. 



A 

II®*™ Obl»T«i 

J J Conttent 

'a S . Tnaut 





E BndlaySldi T 3 +0 J95 11 53 44 8 -1 78 -0 69 +1 90 44 33 11 54 05+0 16 jj 

Apr 1 J P S n 48 L 6 -i-o 147 i> 31 4 6 -o 8^ ~o 28 -1 90 -t-o 13 I 69 13 3t 19 9 U 0 18 ai 

, Oroom 1888 U 6 -o 181 la 37 31 < -n ai +0 6a -1 90 +0 15 31 68 u 37 S3 i + 0 Ji 4* 


W Bradlej 3194 


+ 0 a95| II 55 39 a -i 78-0 69+t 93 38 66 ii 54 0 5 - i 38 16 

— o 643 1 13 16 34 9 +4 08 I- 1 88 —I 93 ->0 10 28 83 13 15 I 7 — I 37 I ) 


I L 3 +0 147 13 30 60 3 -o 8W-0 a8 -1 93 


57 13 13 31 19 9 + o 77 


U 4 -0 181 13 37 a6 3 + 1 31 +0 63 -1 +0 02 36 33 13 37 S3 I + e 26 88 


W finidl*j 8194 Ii 4 io 295 II 55 50 a +3 30 +0 93 +i 93 55 35 11 54 0 5 - i 54 85 

, , 1672 U a -0 642 13 16 19 7 -5 29 -a 51 -1 9? -0 lo 9 87 la 15 14-1 8 4/ 

® I 48 I 8 •t-o 147 la 30 59 3 ti II +0 38-1 93 58 86 la 31 30 0 +0 at 14 

, Groom 1923 U 3 -0 181 la |7 17 4 -i 57 -0 83 -i 93 +0 oa 13 09 la 37 53 0 +0 39 91 


W Bradley 8194 L 3 +0 395 ii 55 56 8 +3 30 +0 89 +1 93 61 91 11 54 o 5 - a t 41 

n 1672 U 3 ~o 643 la 16 aS 1 -$ 39 -a 4^ “* 9* “® >0 18 36 la 15 i 2 ~ i 17 16 

B i> 48 L 7 +0 147 la 30 54 a +i 11 +0 37 -i 92 53 76 la 31 ao 1 +0 a6 34 

Groom 1928 U 5 -o 181 la 37 13 4 -i 57 -0 80 -i 92 +0 03 9 13 la 37 53 0 +0 43 87 


W Bradley 3194 L 4 -fo 395 11 56 7 9 -1 78 <>0 72 -ft 9a 7 3a u 54 0 5 — a 6 82 

If II 1672 U 3 -0 643 la 16 35 3 +4 08 +1* 96 - I 93 ~o 10 39 3a la 15 1 0 - 1 38 32 

B H 48 L 7 +0 147 18 30 51 3 -0 86-0 39-1 9a 48 13 la 31 ao I +0 31 87 

, Groom 1923 U 4 -^181 la 37 6 o -t-i 31 +0 64-1 9a +0 oa 5 95 la 37 53 9 +0 46 95 


W Bradley 8194 L 3 +0 895 11 56 4 6 -1 78 -e 03 -fi 93 4 73 11 54 0 5 - a 4 aa 

, „ 1672 U a -0 64a 18 16 sa 3 44 08 40 08 -t 93 -0 10 54 43 la 15 0 8 - j 53 63 

B It 48 L 6 40 147 la 30 41 6 -o 86 -0 01 -1 93 38 80 la 31 ao a 4 0 41 40 

I Groom 1988 U 4 -0 t8i ta 37 78 4i ai 40 03 ‘™i 93 4o oa 7 13 la 37 5a 9 4 0 45 77 


Talne o|. 





AM JBZJr irz ABsmAOT of OBSBBVBB TALUBS op mSOKAIi BQtJATION 
JBetmen Captam Burrard and Z*eutenant Zenox»OMt/ngham 



























imis m ABsmoi of obsbbted TAirnn ax' febsoital sqaAms 

Between Oapiuiw Swrard and ZieutenanI Lemos-Oowgnghm. 


























StASZS in abstract of obsubved values op pbbsokal equatiok 
Between Captain Burrard and Lieutenant Lenox-Cmyngham 
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fdSlB IT DBDtJCnOIf OF m FINAL YALUES OP THE EBLATIYB PBBSONAL EQUATION 

Between Captain Bnrfard and B^ntenani Lenow^Cmpnghm 



Final Values of the Equattok Adopted 

The difference between the final means of (Bj^ ~ ) and — Cg ) w so small that a mean of the two has been adopted 

as applicable to all stars of all arcs ' 

t 

Final adopted value B C ss — o 241 

The symbol B - C signifies a quantity which must be added to times observed by Lieutenant Lenox Convngham before 
they are compared with those observed by Captain Burrard 




TABZM V OBSBEVATIONS Of I^^NSITS WITH E CLOCK, m> DBHUOTIOH 
OP THE APPABENT DIPPBEENCE OP LONGITUOES, Ali — p 


AGE A (E) lot 27 * J ( y , Unj 5‘ J 3 * 14 ft AND MOOLTAN (W) Ut HC ^ 11 \ Unf 4 ^ 4 S » S $* 


TbaNSITS OBSiaTBO AT E 
Bff Sutrard mtA Tefetcof * 2 fo 1 


TfiANStTS ObbERTBD AX W 
Sg Lems Couyngham mth Teltteope ITo 9 


Difftmioe of 
CorMct«4 TjmM 
(W-E) 


BAG Dflch 
Number nsUoa 


Mean Total 

Obserred Correc* 
Time tiou 


Total I, rtrumental 

^orrec* „ ” i 

Correct • and 


od lime 5 Correction 
I ! Conatanta | 


Mean Total 

Obserred Correc 
Tune tion 



714 + 4648 N 


N I JP 11 3 10 15 £6 +141 36 97 N I P W 3 36 46 0^ ~o o8* 4S 95 *6 18 98 

„ d ,, 0, « d 


»3 M 45 M- » 37 14 8* N 


727 1-40^4 N 1538^8 +139 3997 N 

772 + 3j 40 N / 33 a 30 + r 40 3 70 N 


4« 57 55 +‘ 66 59 21 


707 + 1924 S 

746 + 10 7 S 

755 + 10 4 8 

760 + 758 S 


a II 39 19 +i 43 40 7a S 

18 34 04 + I 43 33 47 S 

20 jO 40 + I 44 3« 84 8 

31 57 36 + I 44 58 80 S 


J 37 58 JO +» <7 S 9'<^7 '9 05 

44 5* 99 + « 54 54 S3 «9 06 

46 49 ?6 +1 54 so 90 19 06 

48 16 30 +i 55 1; 83 19 03 


821 + 39 44 N <2 - I 67 a 54 60 69 - 1 
829 + 43 SO N 36 37 65 - 1 


• • 

5460 69 -I 95 58 74 N Q - I 71 3 » '9 13 “> 77 »7 56 36 18 83 g- - 

363765 -196 5569 N * 56 59 -I 74 54 85 19 16 “ O' o o 

41 3 68 -I 93 » 75 N 7 33 60 - 1 8a ao 78 19 03 * « + I 


798 + II 58 8 


3 30 30 09 - 1 91 18 18 { 8 

42 16 31 -I 91 14 40 3 

31 57 46 ~t 91 Si S3 8 

38 19 99 I “I 9' 38 08 S 


2 56 19 09 -I 87 17 33 26 19 04 

58 35 24 -1 84 31 40 19 00 

3 o 16 10 -181 14 47 i8 94 

459 10 -1 87 57 23 19 15 


Not 16 698 + ^,3 20 N I P TT 

714 t4M« N , + 

W + 4 »i 4 N 5 7 ,” 

772 35 40 N » 


a 10 15 78 +2 12 17 10 


IS *8 91 4-1 47 10 40 

345367 +1 s« 54 j8 


I P w 

J 36 34 ?8 

+ i 6a 

16 60 

16 19 30 

d 

c - 3 4 

39 *» 77 

•hi 68 

*4 45 

19 23 

b — a 0 
0 —13 I 

41 47 95 

+ i 65 

49 60 

19 30 

« 

Q ti 71 

51 II 51 

+ i 6i 

«3 >4 

18 96 


707 + 19 34 fl 

1%o + 10 7 S 

7fl0 + 758 S 


3 n 39 49 +* 6* II ” 

18 34 37 + 1 69 35 96 I 

»i 47 69 + 1 ,0 49 19 


a 17 48 67 +1 55 so 23 26 19 n 


48 6 92 +1 5 * 8 44 19 OS 


* Owinc bo the irregular rate of th# 01iconogra|>h the Pea Ekioaldim had to be a{»]^»d graphioallj' 00 (he record before the etar tigoaia were read off, aod coo 
adliui^]; i» tiSe eaee Q <• 0 00 . ^ 


18 995 36 19 103 g6 18 985 36 i8 935 i 6 ig 983 26 19 0»7 



TABIJB r OmtRYATlOm or tbaksihs with b clock, and deduction 

f 

OF THE APPARENT DIPFEBENCB OF LONGITUDES, AL - p 


AGRA (E) Lat aria, Long and MOOLTAN (W) Lai 30 * 11 , long 4‘45“5<!' 


TfiAiraiTs Obbestso a.t E 

Bg Buirard, untk TtUtcoft 2fo 1 


Tbajsritb Obbebted at W 

Sg Lenox Congngham vitth Teleteope Jfo 2 


B A C Deoh 
Number nation 


*» I'* 

^ struniental 
Poaition 
“ and 

5 Correction 
Oon*taiit8 


Uean Total 
Obaerred Correo 


ed rime S Correction 
1 I ™ I tonstantd 



+ 41 50 N M P W a 36 17 i 


4053 i 7 -I ^1 52 «4 N 


77 a6 09 N I P W 3 a 47 oa -i 75 4S 37 a6 19 18 

63 52 14 N ^ 7 ^3 ‘3 -I 83 II 30 19 16 


818 + a6 35 S 
844 + n 59 8 


>30 10 14 -1 S3 8 61 S 

3 * 6 38 -I 59 4 79 S 

33 47 31 -t 6a 45 9I S 

38 30 11 -I S3 a8 58 S 


I a 56 »9 6e ~ 1 89 27 ^6 26 19 15 
[ 58 2$ 88 - 1 86 24 02 19 23 


449/5 -J 89 47 66 19 e8 


714 +4648 N g ^ /j HS 4 41 +114 1177 N ^ /g 19 n J> +i 

727 +4054 N 111951 +‘40 *092 N 4*1831 +» 


772 + 33 40 N 


24 41 13 + * 44 44 67 N 



+ 11 ao N T P Jf a 10 6 39 + i 46 7 85 N I P L a 36 23 22 +181 a, 03 6 19 18 

+ 4648 N 115441 +*14 1177 N 0 -K 0*^8 39 * 11 * +182 1503 1926 


t 

+ 1944 N Q - I 60 


6 4-161 164, 

0 + I 61 II 81 


« 

1344*4* -180 3961 N Q - I 70 

36 18 48 -I 83 16 6, N 
40 44 38 - 1 70 4a 68 N 


a 3, 38 98 4-1 81 40 79 26 19 19 

4433 81 4-1 80 3, 61 19 14 

46,30 14 4 - 1 80 31 94 19 13 

47 57 16 4-1 80 58 96 19 15 

1 060 35 -« 59 58 /6 16 19 IS 

* 3 / 38 -* a 9 IS 79 *9 *4 

7 3 47 -* 59 1 88 *9 »® 


1 29 60 64 - 1 60 59 04 8 

II a6 9a - 1 66 35 26 S 

13 18 n -I 69 36 44 S 

38 ao 50 - 1 60 18 90 S 


2 16 19 88 -1 60 18 18 16 19 14 

581609 -159 1450 19*4 

Ov 

59 5 ? 10 59 55 7 » »9 «7 

1 439 i4 -* 60 38 14 19 24 


Correction for Bate o£ 




XdSZJff r OBSBEVATIONS OF TEANSITS WITH B CLOCK, AND DEDTJCTION 
OP THE APPARENT DIFFERENCE OF LONGITUDES, AL 






AGRA (B) lat ar Iff 

long 

AND MOOLTAN (W) Lot Hff 11\ Long 









TbaKBIIS 0B8 EBT*J) ax E 


Tbansiis Obsebted at W 

Difference <rf 

•M 

i - - 


1 

0TA.B 











Corrected Timet 


■3 S' *f 






Bj/ Bwrrari toiii Tehswtpe No 1 

Bg Ltno* Congi^ham leiCt Telotooft No 2 

(W- 

B) 

u 
1 ^ 

iS' 0 0 

!! 1 1 


1 

BAG 

Number 

DooU 

nation 

1 

-*5 

la 

strumental 

Poaitiou 

and 

Mean 

Obeerved 

Total 

Correo 

fieoonda 

of 

Correct 

1 

< 

In 

atrumental 

Position 

and 

Mean 

Observed 

Total 

Correo 

Seconds 

of 

Correct 

By eaoh 
Star 

Mean 

of 

1 

sat? 

9 L' 

1 

i 




1 

C orrection 

Time 

lion 

ed lime 

S 

Correction 

"’ime 

tion 



Group 

0 







( onstants 





Constants 







<3 


1«8<» 





h m » 


a 



k m a 

1 

t 

tn a 





Nov 18 

698 

+ 3? 20 

N 

I P E 

2 9 56 80 

+ 1 70 

S8 so 

N 
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•e«»«ayia^*cw ^ -*o^**^ Clmwofwph tlw Pea JSqueiloil )uid to he applied graphwaUy oo tlie neord before the star eifoaU wore road of^ aad 



tiSEB 7 oBSEBVAHoirs OS miisiTs mva vf cwct, ahd DfeDtJcnoir 

os THE APPAEBNT DIFFBBENCB OS LONGITUDES, 4L + p 


AGBA (E) Zat 2f l(fi long rt- i4» AVD MOOLTAN (W) Lai ^ U* Lang ^ iS* 5 «' 


TltA581T8 pBSEBTXD AT E 
Bg Bnrrafd^ wUh TaUseope Bo 1 


Tbabbits Obbbbvkd at W 
Sg Ltnog Congngham TtUieopt Bo 3 


Difference of 
Corrected limes 
(W-K) 


BAG Decli 
Number nation 


In 

$ strumental 
,5* Position 
^ and 
5 Coriection 
Constants 


Mean Total |, strumental Mean Total 

Observed Correo ^ Position Obsefsed Correc _ ^ 

Correct « and ‘ Correct 

Time tion | Correction cd lime 

I Constants 


Nos 21 1161 +247 8 IPn 

1164 4 44 . S , * 

1192 4 .j .5 s j : ■ J 


h la j4 -1 52 84 8 / P F" h 39 14 ,2 -i 64 


0 a^a ® 0 - a^4 48 -1 ^4 49 84 

lZ\i 1756 90 -151 5538 8 441683 -164 IS »8 

t * 

« - I 54 Q - I 6s 


Not 82 1101 + 3 « «9 N /P r U 3 6 s* +i SS 8 06 N / P P 3 29 35 78 + 1 80 27 ^8 a6 19 5a 


1105 + 4313 N 


4 S 3 n + 1 58 54 69 N 


31 la 59 +i 80 14 39 ] 


1123 + 5/ '4 N ^ ^ 8 17 43 +i S6 18 98 N J + ; J 3436 /7 <* • i9 38 56 *9 S8 

1182 + 33 37 N t 9 43 45 + 1 56 45 01 N * 36 a 78 + 1 80 4 08 19 57 

Q +• I 51 Q + I 69 


1068 -»■ 9 at 8 

1079 + i6 23 S 

1087 +1233 S 


3 55 31 <3 +1 49 33 31 8 

5< 49 3® +1 5« 50 71 S 

59 7 21 +i 50 , 8 71 S 

3 0 58 06 + 1 49 59 55 8 


3 21 50 89 + I 79 5* 68 26 19 47 

« 

34 8 St t- 1 79 I 10 34 19 63 

a< 26 52 +1 79 28 31 19 60 

3? 1/^3 +1 79 19 1* 19 57 


» t 

1118 +3156 N Q - I ji 3114741 -147 45 94 N <3 - i 69 3 38 7 ®S --158 5 47 *61953 

1175 + 3*45 N 165764 -147 5617 N 431740 -158 158a 1965 ^*1 

1219 + 3941 N I *4 SO (>i -l 45 49 aa N 51 10 43 -1 59 8 84 19 6a ’ 


1228 + 35 a8 N 


*4 50 <>, '-1 45 I 49 33 N 
a6 It 94 -I 47 1 10 47 N 


5*31 59 ~ I 58 30 01 


1161 + 24 7 S 


llbd + 23 46 S 
1192 -t-asis S 


3 13 1 78 - 1 50 o j8 S 

133905 -ISO 37 55 8 

IS 18 98 -I 50 17 48 8 

18 4 36 o I 49 a 87 8 


3 39 *1 56 -1 89 19 97 *6 19 69 

395878 -159 5719 1964 

413864 -159 3705 1957 

44 24 14 -I 89 ** SS 19 68 


CorrecUou for Bute of 



AstFonoiiucal Date 


r OBSBRVATiojrs of ijraksits with e clock, and oBBtrcnoisr 

OF THE APPARENT DIFFERENCE OP LON0ITUDES, AI* — p 


BAG Decli 
Kumber nation 


AOBA (fi) Lai ariff Long 5* 14* AND KARACHI (W) Lai 2^51 Zi»g 


Tsansits Observed at E 
Bg Surrard mth Teleicope No 1 


Transits Observed at W 
jy Leiunt Coni/ttoham tciii Telemope No 2 


Diffcnnco of 
Corwotod rune* 
(W-B) 



In 





In 




ttrumrnlal 

Moan 

Total 

Seconds 

1 

skruinental 

Mean 

Total 

Seconds 

Position 

and 

Obserred 

Correo 

of 

Correct 


PobRiou 

and 

Observed 

Correo 

of 

Correct 

Corroction 

Tune 

tion 

od lime 

% 

Correction 

Iinie 

tion 

cd Time 

Oonstaiila 




CO 

Constants 





h m $ t 

3 36 54 76 + * 


905 + 7SV| S 
929 -f 8281 S 


1 5042 ;6 +113 4? 49 

54 10 74 +114 11 88 


3 34 41 39 •*•<> I 44 ^7 44 «> /« 

38 1 1 80 +0 90 1 ij |o o 8a 


981 + 39 12 N Q " 

1006 + 43 37 N 

1017 +3349 N 

1025 -t- 28 39 N 


3 4 3j 60 -1 54 I 34 06 N Q - I 60 3 48 3t 81 -0 96 34 8s 

‘0 47SS -147 4608 N 34 47 S3 -0 69 j 46 84 

• I 

12 ij 27 -I 59 13 68 N 56 I, ,3 “» *5 J4 48 


14 S j8 -1 64 3 64 N 


58 S 88 “I so 4 1 


960 +355 S 

957 + 24 50 8 

986 + *9 19 8 

991 + 61s S 


2 56 61 43 -I 85 59 38 8 

59 aj 89 - 1 69 aa o S 


3 5 44 69 -I 73 4» 96 a 

6 60 57 -I 83 58 74 8 


3 4> a 77 -a 48 o 29 44 o 71 


49 45 62 1 ■* a 89 I 43 73 0 77 

30 ^ 97 1 -a 38 I 59 59 o 8s 


877 4.3436 N ^ ^ , 

886 + 37 53 N J Z^\ 

916 +4036 N 


46 59 99 +1 83 61 81 N 
51 47 28 + I 93 49 21 N 


I r w 

1 as 36 79 

+ i 33 

38 3* 

d 

0 ~ I 4 

28 59 40 

+ > a4 

6o 94 

b - I 3 
0-44 

31 1 28 

+ i 54 

2 82 

s 

Q + » 59 

36 48 67 

<•« SS 

50 22 


852 + 415 8 

867 + I7JO 8- 

905 + 756 8 

929 + 828 8 


3394980 +0 8[ 5061 8 

4* 36 33 -n '7 17 70 S 

503551 +090 3641 8 

54 3 94 to 91 4 85 8 


1 23 SO 12 +1 SO 5« 62 44 I 01 

26 37 20 +1 5a 38 ,2 I 02 ^ « 

34 35 99 + * 50 37 49 » 08 ^ ^ 

38 4 32 1 1 SO 5 8a 0 97 


». for Peral. Bq^uationa 



TASin r 0BS]BE7ATI0M'S OF TRANSITS TOH B CBOOK, ANP DBPPCTIOIC 
OF THE APPARENT PiriEBENCE OF LONOITX7PISS, AL - p 


AGRA (B) Lat ar Iff, U*s AND KARACHI (W) Zat Long ^ 28^ 18 


BAG Dech 
Number natiou 


TRAJvsrrs Obabbybd at £ 
Zurrafd , uttih Ttlmope No 1 


Mean Total ^ atrumantal 

Ob»rT.d 0«mo ^ 

Correct *» anu 

Time tion ^ ^ Corrootion 

Constanta 


Tbansits Observed at W 

Sjf ZtHOg Conyngham mih Teleteope No 2 

~rr~^ ^ j p- 


Difference of 
Corrected litnea 
(W-E) 




Doc 2 981 +3913 N I P W 3 4 38 15 -I IX 37 04 N J 

1006 + 4537 N ^ ^ 103990 -091 3899 N ^ 

1017 +1149 N IZjll n 7 9i -Ml 664 N J 

1035 + 1839 N » 1358 10 -I 49 Or N 


I IX 37 04 N I P W 3 48 39 71 -I 64 38 07 44 I 03 

0 91 18 99 N ^ 54 41 79 -I 63 40 16 I 17 

1 11 6 64 N i I * ’ 56 9 as -1 64 7/1 I o; 


57 S9 39 - 1 65 57 64 


860 + 3S5 S 

957 + 34 50 8 

986 + 19 19 8 

991 + 615 8 


3 56 54 70 -3 18 53 51 S 

59 16 77 -I 61 15 16 8 

1 S 17 74 -I 76 35 98 S 

653 89 -3 13 SI 77 S 


1405539 -169 51 60 44 

43 1/ 93 ~i 61 i6 37 
49 18 64 - I 66 36 98 


Deo 3 861 + 3848 N I P W 3 41 38 96 +1 50 30 46 N I P JE 1 35 29 78 + 1 6o* 11 18 44 0 92 

877 +341O N ^ ^ 4451 44 +1 67 51 II N 0 285* 46 +i 60 54 06 0 95 

888 +3751 N J J 465136+180 ss 06 N 105419 +160 15 99 091 


916 + 40 16 N $ 53 40 68 + 1 90 43 58 N t 

Q + 1 5® Q + i 61 


3641 73 +1 60 43 31 


852 + 415 8 

867 + 17 SO 8 

906 + 756 S 

929 + 838 S 


3 39 43 81 +0 86 41 67 S 

4a 39 70 + 1 31 10 91 8 

50 38 71 +0 95 39 66 S 

S3 5i 13 +0 98 58 09 8 


« 

+ 19 13 N Q - I 50 3 4 21 49 -I 16 30 31 N Q - 

+ 4337 1031 36 -0 98 33 38 N 

+ 33 49 N 116x35-131 5990 N 


1006 + 4337 N 

1017 + 33 49 N 

1025 + 38 39 N 


950 + 3 55 8 

967 +3450 8 

986 +1919 8 

991 + 61s 6 


n 6t 35 -1 35 59 90 * 

13 S‘ >8 -i 50 49 78 N 

a 8^47 81 -a 15 45 ^ S 

59 9 99 - 1 63 8 37 8 

3 S 10 95 -» 76 >9 «9 8 

647 00 -3 09 44 91 8 


+ 1 61 

44 66 

44 0 99 

+ 1 61 

31 90 

0 99 

+ 1 6i 

30 18 

0 93 

+ 1 61 

58 97 

0 88 

-I 63 

31 33 

44 0 89 

-I 61 

i 

31 3* 

1 03 

1 

— X 63 

0 89 

0 99 


140483a -161 4671 44 I os 

43 11 03 -1 61 9 43 1 05 

4931 78 -1 61 30 17 0 98 

504765 -161 4604 113 


r*B&te of 




TAMS V OBmVATIONS OF TKAKSITS WITH B CLOCK:, AND DEDUCTION 
OF THE AFPAEBNT DIFFERENCE OF LONOITDDBI5, AL -- p 


H7 



Pe»L £qu&ttotM 



TABmr OBSBBVATIONS OP TBANSTO WITH P CLOCK, ATSB DEDtTGTIOH 
OP THE APPAEENT DIPPABBNCB OF LONGITUDES, AL ~ p 


AGRA (B) Lat 2ri(y,Loug 14^ AND KABACHI (W) lat 2^ SI long 4^28^18 


BAG Doth 
Number naUon 


TaA>8rTg Obsbktkd at E 

J 9 y Bwrrard wxth Telatoope No 1 

^ „ 

I etrumentftl Moan Total 

Poeiilon rti. 1 ‘ 

^ , Obierrod Corrcc ^ 

•> and Cor 

ft Corwetion ‘■WU 


I TEANfilTfl OuSiETBD AT W 
I Bg Ltnox Congngham with TeUmofo No ; 


Difference of 
Corrected Time* 
(W - E) 


Obserrod Oorreo „ . 

Correct 

Time tion I ^ 


U N /P iP h 4 8 ^7 -« 44 6 91 U / P i? 348 9 *9 -» 6' 


1006 + 4337 N 
1017 + 33 49 N 


1025 + 3839 N 


10 30 38 -1 36 


-I 33 46 69 N 


5431 28 -I 57 19 71 
85 48 99 - ‘ 64 47 38 


057 + 34 50 S 


» 56 34 3« -« 9» 3» 39 


3 S 17 S3 -I 73 <5 80 S 

6 33 S3 - ‘ 89 31 64 8 


33 »4 44 o 85 


43 57 52 -I 69 5 s 8? o ^0 

49 18 30 -I 73 16 s7 0 77 


Deo 6 861 + 3848 N I P W 3 41 8 61 +i 49 10 10 N I P W 3 25 9 71 +i 51 11 33 

877 +3436 N ^ ^ 4431 19 +1 60 33 79 N ^ 3832 32 +1 85 

888 +37 51 N J J 463302 +167 3469 N ^ I,I J 30 34 *5 + « S6 33 7» 

916 + 40 56 N < 522029+1 7^ 22 02 N # 3621 S3 +1 58 23 II 


867 ►1750 S 

005 + 7 56 S 


2 39 22 18 +1 u 23 39 

43 9 22 + I 32 10 54 

50 8 03 +116 9 19 

5.3 36 40 +i <7 37 57 


3 33 23 00 +1 42 24 42 

26 10 11 +1 47 n 58 


34 8 87 +i 43 10 30 

37 37 30 +* 43 38 73 


* » 

981 + 39 • » N Q - I 49 3 3 61 14 - 1 28 59 86 N Q - i 59 3 48 3 5 a - 1 

1006 + 43 37 101138 + 031 * 1189 N 5414.54 <-i 

1017 + 3349 N 113943 +0 09 * 39 S» N 554211-1 

I 1025 + a 8 39 N 13 29 52 0 00 * 29 5 a N 57 3 * *7 “'1 


1 48 2 51 -1 61 o 91 44 I 05 

54 14 . 54 -1 58 12 96 1 07 ' 

55 4* n -» 65 40 46 o 94 ! 

57 32 27 -I 67 30 60 I 08 I 


967 +2450 B 


991 4 615 S 


5849 53 “1 55 48 00 S 


3402813 -277 2636 44 

42 SO 69 - 1 58 49 01 

49 11 49 -I 7 i 9 78 
5027118 -176 2572 


* Owifif to the irreftulor rate of the Chronograph the Pen HqttatioD hod to be applied grapkeallT on the record before theetar eigaale irero road off, and eoft« 
aequently in theae ouaea (^-ooo tr 9 r • a , 


forPersl Bqnationa 





TASX^ V OBSEETATIONS Of TRAJfSKS WITH W 0|pCK, itND DBDtJCTlOH 
OP THE APPARENT DIFPERENCB OP LONGITUDES, AL + p 





waock 



AAtroiiOBUcal Data 


TMIH r OBSBBVATipJS OF TBAKSITS WITH W CLOCK, AKD BEDXTCTIOH 
OP THE APPAEENT DIFPEBBKCB OP LONGITCOBS, AL + /i 


AGEA (B) Lai ^ l(f Lo»f AND KAEACHI (W) Lat 3^61 Ung 4 ^ 28 ^ 18 * 


BAG Dech 
Numbor nation 


TRjjiirflrrs Obbbeykd at B 
By Siarard aHth TaUwopa No 1 


Tehtbitb Obbbbvbd at W 
By Lenox Conynykam mlh Teleteoye No 3 


Difference of 
Corrected Tunes 
(W -E) 






In 




Mean 

Total 

Seconds 


struroei tal 

Mean 

ToUl 

Seconds 

Obeexred 

Oorreo 

of 

Correct 


Position 

and 

Obserred 

Correc 

of 

Correct 

Tune 

tion 

ed Tune 

1 

Cbrreotion 

Tune 

tion 

ed Time 




CQ 

Constants 





Deo 2 1414 + 41 a N I P W 3 44 i 89- - 1 03 4 86 N 

144B + 43 9 N ^ ^ SO 7 64 -o 94 6 70 N 

1462 +,J40 N IZjll 6' 43 58 -1 35 4**3 N 

1462 + a8a8 N e 5358 56 -1 50 S7 0^ ^ 


h m e * » me 

N I B W 4 a8 7 80 -I 63 6 17 44 1 31 

^ 0 - 1*^4 84 9 79 -* 63 8 ‘6 1 46 

^ a I J 4 35 45 *9 <>4 43 <>5 1 4* 

1* * 37601s -165 5850 144 

Q - I 59 


1376 4 18 56 S 

1888 4 19 36 S 

1402 4 IS 37 S 

1406 4 16 6 8 


3 37 »3 9« -> 78 I* 13 S 

38 S3 00 -I 76 S' *4 S 

40371a -187 3S as S 

4a aa 78 -I 86 ao 9a S 


4 ai IS 31 -I 66 13 6s 44 » 5* 

** 54 S* 66 51 86 I 6a ^ 

3438 41 -I 67 36 74 ‘ 

36 34 17 -I 67 aa so I 58 


Deo 8 1320 4 41 33 N I P W 3 17 36 aa 4 1 94 38 16 N 

1326 4 37 s N ^ ^ *83143 +*45 3488 N 

1389 44310 N ^ * 305404 4196 5600 N 

1864 4 31 la N » 34 4 04 41 57 5 61 N 


? E 4 ** 37 97 +* 61 39 58 44 » 4* 

, /j ** 34 55 + « 60 16 15 I 37 

.11 >4 55 79 +> 61 57 4® 1 40 

» 18 5 4a 4 I 60 7 03 1 41 


3 aa 56 00 40 97 ' 56 97 S 

*4 3*3* +097 13*8 8 

as 47 33 4 1 a6 48 49 8 

3* 4 73 +* >7 5 90 S 


4 6 56 74 4 r 61 58 35 44 > 38 

8 33 00 41 61 34 61 I 33 

948 13 41 61 49 /4 1 *5 

16 5 66 41 61 7 37 I 37 


1414 4 41 a N 

1445 4 43 9 N 

1452 4 3340 N 

1462 + 38 38 N 


* 

41 * N Q - I 50 3 44 4 84 -I 08 3 76 N Q - I 61 4 a8 6 7a -I 6a 5 10 44 i 34 

« I 

43 9 N SO 6 69 -I 00 s 69 N 34 8 73 -1 61 7 la x 43 

3*40 N 5*4*53 -I 38 4> *5 N 354419-163 4357 143 


5* 4* S3 -> 38 4> *5 N 
03 57 47 -‘5* 5596 N 


37 59 06 -I 6a 57 , 


1876 4 18 56 8 

1888 + 19 36 S 

1402 + 15 37 8 

1406 4 16 6 S 


3 37 >* 95 -> 78 *> >5 8 

38 s* 01 -I 76 5© 35 8 

4036 n -I 86 34 35 S 

4a at 78 -1 84 19 94 S 


4 81 14 13 -> 61 18 53 44 1 37 

*35331 -161 5170 I 45 ,» ■<■ 

*4 37 *9 -> 61 3568 143 

*6 *a 93 -1 61 ai 3* I 38 


W Clo<* 

Corme for Fend Equationn 





AstKHKsaical X>ate 


TJJBLIS r OBSEEVATIOBTS OF TBAKS1T8 WITH W CLOCK. AND DEDTTOTIOH 
OF THE AFPABENT DIPFBBENOB OF LONGITUDES, AL + F 


* 5 * 


AGBA m Lot sr t(/ Long AHD KAEACHI (W) Ui Qf St, Long 4^ 15* 


BAG Deck 
Number netioa 


Tbakbits Obbebtxb at B 

Sg Burrard wtii TeUtoopt No 1 


T&iirBm Obsbbtsd a.t W 

Sg Lono* Congngham vntk Ttlttoopo No 9 


Diffenoce of 
Corrected Time* 
(W-B) 


1 ^ •trumojitel Totel itnimeBUl 

J PoBition - of ^ Poeitioo 

^ ^ , Obaerred Correo „ , ^ j Obaerre 

^ and Correct ^ and 

3 Correction ed Time J Correction Time 

” Conatanto ® ConetenU 


^ ttrumeDtal 
^ Poeition 

• and 


Kean Total 

Obeerred Correc 
Time tion 


1889 0 hm t » t 

Dec 4 1826 + a? 5 N I P B 3 28 33 97 -n 28 34 35 


Am t 

IPS 


1839 + 42 10 N ^ 30 S3 8? + 1 56 55 39 N ^ *4 55 ®» I + > ^8 56 70 

1864 +3112 N a I J ° 34370 +1 3S s 05 N J I.J J 184681+158 626 


; 21 » ? + I hJ 


1298 + 8s9 S 

1304 + 837 S 

1311 + 20 19 S 

1350 + t53i S 


3 22 55 32 +1 03 56 35 

34 !• S» +‘ 03 3* 55 

as 46 57 + » «9 47 7^ 

3a 4 IS +i n 5 *8 


4 656 17 +i 44 57 61 44 I 26 

0 

8 33 4a + I 44 35 86 ^ 131 ^ « 

9 47 S« +i 5« 49 0* « *6 ^ ^ 

16 5 01 + 1 48 6 49 I 21 


1445 + 43 9 N 

1452 + 32 40 N 

1462 + 28 28 N 

1376 + 18 56 S 

1888 + 19 36 S 

1402 +1537 S 

1406 + 16 6 S 


38 5* 41 - » 68 49 75 

40;,5 4S -« 74 317' 

42 ai 17 -I /4 '9 43 


3 09 

N 

Q- 2160 

4 *8 5 85 

”» 51 

4 3* 

5 09 

N 

1 

34 7 79 

-* 5* 

6 28 

40 62 

N 


35 41 30 

-I 61 

4* 69 

55 54 

N 


37 58 *8 

-I 64 

56 64 

ro 60 

S 

• 

4 ** *3 18 

-1 70 

II 68 

49 75 

S 


3* 5* 64 

-.70 

SO 94 

31 7' 

s 


24 16 63 

-1 72 

34 9* 

*9 43 

s 


26 23 32 

-1 72] 

20 60 


Deo 5 1820 + 41 33 N IPS 3373500+158 3658 N IPS 4 " 35 97 + ' 59 37 5® 

.... XT d .0 fi, , . .. ,, ,a M d ,, fi, XI An tA TA 


1826 + 27 5 N 

1839 + 42 10 N 

1864 + 31 12 N 


283184 +134 33 '8 
3052 74 +1 59 54 11 
34 3 67 + I 40 4 07 


14 53 95 + 1 60 55 55 
18 3 62 +1 52 5 14 


1298 + 859 S 

1804 + 837 8 

1811 + JO 19 0 

1850 +1631 8 


322541* +11* 55 *4 S 

*43045 +* « 3*57 8 

*5 45 49 +^**6 4675 8 

32 3 94 + I 21 415 S 


4 6 55 04 + 1 40 56 44 

8 31 30 + 1 40 3* 70 

9 46 40 + 1 46 47 86 

16 3 93 + 1 44 5 16 


for PereL Equations 



iiealDato 


TASLS r OBSdBRVATIONS OP TBAKSITS WITH W CLOCK, AHD DEDUCTIOir 
OP THE APPABENT DIPPBBENCE OP LONGHTCDES, AL + p 


A ORA (E) Mt 37^ Iff, Long IS* IP AND KARACHI (W) Lai 8P SI Long P 88^ IP 


Transits Obseuted at E 

JBfjf Surrard wdh Teleteopo No 1 


Teanbitb Obbebtbd at W 
Sg Lenox Conyngkam Teleteope No 8 


Difference of 
Correotod Times 
(W-E) 


BAG Dccli 
Kuitibvr DttUon 


In 

itruniental 

Mean 

Total 

Seconde 

i 

In 

slruinental 

Moan 

Position 

Observed 

Corroo 

of 

ST 

< 

Poeition 

Observed 

and 

Correction 

lime 

tiou 

Correct 

od Time 

1 

and 

Correction 

Time 

Constants 




CO 

Constants 



Doc 8 1414 + 41 a N I F E ? 44 3 4^ - 1 4» j 

1445 +43 9 N ^ 50 £ 36 -1 37 

1462 +<,340 N J ° 514* 09 53 


1462 4- aS 28 1 N 


-I 37 

1 99 

N 

d 

c — 0 3 

“I 51 

19 54 

N 

b r 4 2 
a -i£ 6 

-1 6a 

14 37 

N 

* 




« 59 


4 38 4 78 

59 

3 «9 

44 I 17 

14 6 74 

-» 57 

5 '7 

1 18 

35 4* 

-I 65 

40 57 

I 03 

37 57 *5 

-I 69 

55 56 

I 19 


1876 i- 1856 S 

1388 4 19 36 S 

1402 + IS 37 8 

1406 4 16 6 S 


^ 37 II 13 -I 74 9 38 S 

38 £0 39 - 1 73 48 56 S 

40 34 27 -» 78 i» 49 S 

43 30 63 -1 78 |8 2j 8 


4 31 12 3S -1 73 >0 63 44 

33 £1 60 -I 73 49 88 

*4 ^5 54 - > 75 13 79 

36 31 2£ -1 74 19 S‘ 


Deo 6 1320 + 41 31 N I P W 3 37 33 13 +i /6 34 89 N 

1326 +375 N g ^ 1*^, 38 30 08 + 1 46 31 £4 N 

1889 + 43 10 N ^ 2_jo 3 30 »i Oi +i 77 53 83 N 

1864 + 31 13 N « 34 0 90 +1 S3 a 43 N 


4 11 34 80 + I £8 36 38 44 I 49 


«» II 9> + I S® 11 01 

14 £3 63 +1 £9 54 at 

18 2 39 +I £3 3 81 


1298 +859 S 

1804 +837 8 

1311 + 10 19 8 

13ii0 1631 S 


3 33 33 36 4-1 17 £3 73 s 

34 28 ^9 + I 17 39 96 8 

35 43 84 + 1 16 45 *0 8 

32 1 31 4- 1 30 a £1 8 


4 6 £3 69 +1 44 ££13 44 1 40 

8 39 96 4- 1 44 31 40 I 44 

9 45 08 4- 1 48 46 56 I 36 

16 3 £3 +1 46 3 99 * 48 


1414 +41 3 \ Q - I 49 344 I ^4 -I 33 0 £1 N Q - 1 £9 4 *8 3 46 “I ^ i 86 


1446 + 43 9 N 
1452 4- 33 40 N 


£0 3 60 —I 18 a 48 N 
51 19 31 -I 4* 37 91 N 


34 5 45 “* 59 3 86 

354094 -166 3938 


1376 4- 18 £6 S i 

1388 4- 19 3O S j 

1403 1- i£ 37 8 

1406 4* 16 6 8 


1 37 9 5» -I 65 7 87 S 

3848 69 -1 63 47 06 8 

40 33 70 -I 70 31 00 S 

43 18 36 -1 69 16 67 S 


4 3! 11 ot “I 71 9 30 44 I 43 

33 50 18 -1 71 48 47 I 41 


Correction for Bate of 




XABLM r OB8EBTATION8 OF TBANSITS WITH B CLOG®:, AM) DEDtrCTION 2$$ 


OF THE APPARENT DIFFERENCE OF LONGITUDES, AL - p 


AGRA (B) lot 2ri(f Img 5'* 14* AND KALIANPUR (W) Lai 9 ^ 7 ' Long 





Stas 


Tbansits Obskbtbd at E 



Transits Obsebtici) at W 


Difference of 
Corrected Times 

•s 



2 




Sg Bwrard with Teleteopo Yo 1 

Eg Ltnox CongngKan miA Teleteope No 9 j 

(W-B) 

^ M 

g'o . 

















S $ 

TJ ' • 


1 



ll 

In 

trumental 


Total 

Seconds 

1 

-9 

1 

In 

tnnnental 

Mean 

Total 

Seconds 

By each 
Star 

Mean 


1 « t 

t" 

< 

1 

BAG 

ST umber 

Deoil 

nation 

1 

Position 

and 

?orrection 

Obsorred 

lime 

Correo 

tion 

of 

jorreet 

ed Inue 

PoHi ion 
and 

Correction 

Obsenred 

Time 

Correo 

tion 

of 

Correct 

ed Ittno 

of 

3roup 






» 

Constanta 





Constants 









1889 





h m « 

t 

s 



Am * 

t 

r 

m t 
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1 19 

20 

+ 9 41 » 

“ 1 1/3 

+ 9 458* 

- 7 118 


19 

+ 194 

- 

in 

+ 173 

- 136 

^■a 


* 20 

21 

*+ 9 4 n 

~ 7 160 

+ 9 103 

~ , si6 


20 

+ 392 

- 

306 

+ 171 

“ *13 



> 21 

22 

+ 9 411 

- 7 814 

+ 9 m 

- 7 l8l 


21 

+ 190 

- 

308 

+ 170 

- 134 










22 

+ 390 

- 

III 

+ 170 

- 136 



December 1 to ^ 

+ 7 036 

+ 0 968 

+ 6 773 

+ 0 815 

December 

1 

+ 0 388 

+ 

0 037 

+ 0 311 

+ 0 027 

'0 

a g 


2 

3 

^ 6 ^66 

+ « 03s 

+ 6 86i 

+ 1 129 


2 

+ 386 

+ 

041 

+ 310 

+ 030 

£ 


* 8 

4 

+ 6 j82 

+ 0 588 

+ 6 801 

+ 0 773 


3 

•f 382 

+ 

037 

+ 207 

+ 027 

C. M 















s, s 

5 

.. 4 

5 

+ 6 718 

+ I 105 

+ 6 

+ 1 118 

• 

4 

+ 280 

+ 

037 

+ 206 

+ 027 

<) M 


> 6 

6 

+ t 1*8 

+ 1 569 

+ 6 761 

+ I H* 


6 

+ 28, 

+ 

033 

+ 309 

+ 039 










0 

+ 289 

+ 

060 

+ 212 

+ 044 



1880 00 






1889 90 



, 





December 28 to 29 

+ 0 488 

+ I 018 

+ 0 349 

+ 0 807 

December 

28 

+ 0 ois 

+ 

0 Oj8 

0 000 

+ 0 001 

s g 


29 

80 

+ 0 HO 

+ I 118 

+ 0 33^ 

+ I 084 



+ 015 

+ 

042 

000 

+ cot 

S i 

S’ 

80 

81 

+ 0 ]i6 

+ 1 106 

+ 0 HI 

+ 1 109 


30 

+ 014 

+ 

046 

000 

+ 001 

w ft, 
^1 


81 

Jan 1 

+ 0 079 

+ 0 899 

+ 0 3 S 5 

+ 1 176 


81 

+ on 

+ 

043 

000 

+ 001 



January 1 

2 

+ 0 15 S 

+ 1 686 

+ 0 430 

+ « '94 

January 

1 

+ 013 

+ 

057 

000 

+ 001 








— X 


2 

+ 016 

+ 

070 

000 

+ 002 


• 

1890 






1890 









January 16 to IG 

+ 0 7 S 4 

“ > S 47 

+ 0 712 

- I 611 

Jftnuaiy 

15 

+ 0 031 

“ 

0 066 

+ 0 OTO 

- 0 021 

"a 


16 

17 

+ 074 

- « 547 

+ 0 ,13 

— I 611 


1 C 

+ eji 

- 

066 

+ 010 

— 021 

gE 


1 17 

18 

+ 0 518 

- I 804 

+ 0 478 

- a /9a 


17 

+ ‘OzC 

- 

0,0 

+ 008 

- 023 

ll 

*? 

u 18 

19 

+ 0 6j6 

- t 84s 

+ 0 6 <i 4 

- 1 896 

• 

18 

-1- 024 

- 

076 

4 008 

- 02s 

ll 


, 19 

20 

+ 0 579 

~ 1 939 

+ 0 608 

- I 913 


19 

+ 026 

“ 

079 

+ 008 

— 026 

4 


, 20 

21 

+ 0 581 

- a 15b 

+ 0 534 

- 2 144 


20 

+ 024 

- 

08s 

+ 008 

*- 027 









» 

21 

+ 033 

— 

090 

+ C07 

- 029 




Euaclu (£) Md KooUan ^ and Jnbbnlpore (S), and 

Quetta (W) Quetta (W) Salunpmr (W) 


pjszg ri DBDtronoir of oiook fiiis ooBEBonoirs mat thb obbbbvaiioiis of mHBixB 39) 



'I Intemlf 

% between Nights of 
J Obimstioiis 


Beta OoereotMOs to both Oleeks Dedooed tom Itowits Obsemd st both Ststioitiy «m> i 
O oneetioBs to the Memls betweM Bights ol ObeervatioDs, end 
A Hourly OonreotioBs to Nights of Obsemtiosi, luterpolsted I17 meus of the Quantities «. 


astB Station 
to 


set W Station 
to 


BClooh W Clock B Clock W Clock 


Aitronomical 
Dates of 
Obwrrationa 


Correction to Obaerred 
$ to Difference of Times 

of Transit to 

0 Clock I W Clock B Clock W aook 


February 4 to 6 

« fi H 6 

« 6 » 7 

.. 7,8 

» 8 » 9 

+ ros6 

+ I so; 

+ 1 3*4 

+ 1 058 

+ 1 166 

+ I 864 

+ 1 760 

+ I 088 

+ 0 97S 

•f 1 111 

+ » 043 

+ 1 196 

+ I 367 

+ 1 013 

+ I 073 

4 t 840 

+ 1 700 

+ 1 IS9 

+ 0 951 

+ 0 984 

February 4 

» 5 

« 8 

M 7 

W 8 

» 9 

+ 0 044 

+ 047 

+ OSS 

+ 050 

+ 045 

+* 04; 

+ 0 077 

+ 07s 

+ 059 

+ 043 

+ 04a 

044 

+ 0 007 

+ 007 

4 008 

+ 008 

+ 007 

+ 007 

March 24 to 25 

- 8 sij 

- 7 190 

- 8 34* 

- 1 >8i 

March 24 

- P I47 

- 0 300 

- 0 log 

„ *26 , 26 

- 8 337 

- 7 ‘QO 

- 8 343 

- 7 181 

»« 9b 

- 3V7 

*• 300 

- 105 

„ *28 „ 27 

- 8 3*7 

- 7 190 

- 8 34a 

- 7 181 

» 26 

- 347 

- 300 

- log 

„ 27 „ 28 

- 8 037 

- 6 73t 1 

-- 8 189 

1- 6 73a 

M »7 

- 143 

- S90 

- 104 

» 28 . 29 

> 8 186 j 

- 6 971 

- 8 15s 

- 6 949 

*• 28 

- 139 

- 385 

- 103 


* There were no obierrations on these dates but the rates were obtained I7 interpolation for the nniaber of days miasing 
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fmXJBm ABSmOI’OFBESinjTSOFAIiLOBmTAnOHS 


AH3> DEDUCTION OE TBtB APPARENT DIPPBEENOB OP LONOITUDB, Al* 
AND THE BBTABDATION OP SIGNALS, p 






T4BIB Vn ABSlSiOI Olf BESSLIB OJ tSiU <fflaBXTia!IO]IB 
^ DiDuoTioir or thb appabhto dupbibnoh op MK&mrD?, aL 

AKD THB BBTAHDAIIOK OP BI8KA18, ^ 




XASUSm ABSm.01 OS' SESCXfS 01' OBSBBVillOira 




Am) DEDTTOnON' OF THB AFFABENT SIFFXBMOE OF LONOIFUSF^ Ali 
AND THE BEIABDATION OF SIONALS, p 



Whence AL a i {(AL - p) + (AL + p)} a i" + i (s?* j66 + tj' 37s) a 1“ ly" 319, 
p a t {(AL + p) - (AL - p)} = i (i7< 37* - *7' *66) a + o* 053 











nmx m ABSIBiOT OF BK0LTO OF AM. OBSBEVAHOKS 

Am) SBOOCIIOK OF IHB AFPABBNI SIFFEBBROB OF tOHOITOOn, ^ 
AND TUI BBIABDATION OF SIONADS, f. 




XABIH m ABSmOI OS' BESUI/FS Of AUl OBSEBTATIOEB 


AMD DEDUCTION OF THE APPAEENI DIFFBBBNOB OF lONGITUBB, AL 
AND THE BBTAEDATION OP SIONAIS, e 






xiBzx m ABsmoi or kbstilis op aed obshetahoits 

AND DKDnCHOlf op THB APPABESTT DIPPBBBNCB op tONGIHJDB, AL 
AND THE BBIABDATION OP SIONALS, p 
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TAfUS TV. ABSmOT OJ BBStnTS 01 AM. OBSHBTAHONS 

AND DEDUCTION OE THE APPABBNT DIPPBEBNCB OP MN8ITUDB, Al 
AND THE BETABDAHON OP SIONAIiS, p 






ELECTRO-TELEGRAPHIC LONGITUDES 

1891-92. 

INDIAN ARCS. 

t 

ABSTRACT OF THE OBSERVATIONS 

AND 


REDUCTION OF THE RESULTS. 



NOTE 


Tlio Explanation of Table /, given on page 2 applies* equally to the observations of 1891 92; in which the same Telescopes 
were used with the same Micrometers aud the same wire systems 



T ABSTRA-OT OF DKTERMINATIONS OF COLLIMAWON AND I«STBL OOBRBOTION-CON 8 TANTS 
J g lltiitru l Oollunation I W I I b I l>»tru I I t..., I 


Initru — 

Oollunation 
mental 

PoMtwn Oq I Ci j ^ 


Oot 

mental 

Poiltion C, I (h 


OoUimation 
Cl I 0 , I 


W ^ ^ JI *071 02070 0+3 3 +a s jo68 I +3 6 
S 

67 4 

7 I £ TT 1073 s 2070 0-33 -41 1073 6 00 

74 » 7a 9 

73 1 


IPX 1485 8 1485 0-41 -51 1496 4 - IS ( 

*3 « 96 4 


IPX 1480 a 1485 0 -4 1 -s > >488 0 - 8 9 
83 9 91 0 

90 I 


72 3 


A 

78 5 

71 9 

I P X m . 201 * 0 

If 



I P W m 2074 6 

!l 


3071 8 

^ * * CenomI 

« 

IP W 1478 0 

72 9 

Mean -3073 3 

3 

77 6 

7a 0 


S 




g 


2069 0 

-a j 


IPX 1484 0 

71 7 



83 j| 


MeanO, 

83 7 

IPX -1483 
/ P F « 1478 

G».™l ~ 

81 0 Mean "• 1480 

81 0 


12 7 P F ao74 1 1070 0-33-41 ao68 a -4 1 


7 P F 1478 I 1480 J -0 8 - 1 7 1473 4 - 8 a 


18 7 P F 1476 6147s 0-56 -65 1477 8 -3 < 

73 6 78 I 


7 P ao76 oao70 0 +80 +7 * 2070 7 +6 : 


19 IPX 1484 41483 0-44 -S3 >481 6-13 
84 1 8a 3 

81 9 


IPX ao77 9 2*70 0+80 + 7 a 8069 3+77 

70 S 


j| IPX 1484 8 1483 0 -4 4 -s 3 1482 a -I 9 Mean 0# A IP W 8078 7 2070 0-80 -88 2071 7-73 Mean 0 » 

I 1 “ fM (»■ /•j.jr-*,,,, 

8 ®3® J 70 a 

^ ^ i47<» 6 g 7 PF-ao 78 7 

p, 7P F 1476 91480 0-06 -13 1473 0-56 Oerfeml u 7P F 2076 72070 0-80 -8 8 ao68 8 -8 4 Oeneml 

3 778 rto 3 2 , Moan •20780 


23 JTP F 1477 I 1480 0-06 —IS 1474 3-69 
78 4 74 0 

72 7 

84 IP W 1474 91480 0-06 -t s 1473 7 -7 I 


p IP F ao8o 32070 0-80 -8 8 2069 7 -8 6 
80 o 69 8 

68 7 

IPX 2077 91070 0+80 +71 2078 3-06 




WALTAIB (Telescope ^o 1) WALTAIB (Telescope No 1) 


504 TABZST ABSmOT OF DmB 3 tftNATI 0 !fS OP COLLIMATION Aim LBTO OOIffiBOTION-CONSTANTS 



iMtan Collimution Lerel | CoUunatlon Lwel 

menUl ^ Eein*rli -3 jaenUl Beauuto 


Position Oo C. Cl 0 M b 


M Position 0* 0, c, 0 M b 


Jnn 6 IP W 1475 OM75 0 -4 S -S 4 >475 » “4 ‘ 
77 ^ 75 S 


I P £ 1076 5 1070 0+84 +7 j JO76 0+14 
78 5 77 6 

i7 S 


JP If 1481 7147s 0 +4 5 +36 1471 j +7 6 M«in(J, o i’-P-® M76 9a«>75 0 +3 4 +a s ao78 9 -0 1 MeanOo 
81 9 7s 3 ^ 76 o 78 6 

7S3 iPiP-i 48»6| ^8^ JPJf-«077 0 

I P W • 1477 3 J I P W - ao79 7 

General ^ General 

IPS 1481 0 1480 0 -0 s -14 1472 6460 * I p w 2078 1 J075 0-34 -43 1072 2-65 


I P W 1478 0 1480 0 40 5 -04 1484 6448 
78 3 83 9 


I P W 2078 22075 0-34 -43 2073 6-57 
81 7 72 3 


I P W 1478 3 1480 0 4 2 0 4 1 1 1416 4 -2 I 
79 » 75 4 


IPS 2070 22070 0+19 410 2074 7-33 

70 3 (60 


IPS 1478 9 1480 0 ~2 0 -19 1480 0-32 
78 1 82 4 


IPS 2071 02070 0419 +• 0 2073 8-32 
72 0 74 9 

76 5 


IPS 1478 9 1480 0-20 “29 1481 1-34 
78 4 81 6 


^ I P JT 2071 BzoyO 0-19 -28 2067 3 -4 * 

Mean Oo » * Mean Oo 

o 69 

IPS - 1479 * i IPS — 2071 a 


/p r -1476 9 b 


J P TT - zo,i 5 


Mean -1478 o pj 


IPW 1477 2 1480 0 42 0 41 I 1474 7 “3 7 
75 6 73 9 


IPS 2071 4 2070 0419 no 2072 0 “0 J 
71 3 7* 8 

73 4 


J P J 1481 1 1480 J -a 0 -a 9 1482 6 -4 9 


Z P J? 2071 0 2070 o 4 1 0 41 0 2071 6 00 





I ABSTBAOT OP DKEBEMINITIONS OP OOtUMATION AND MTO. OOBBBCTION-CONSTANTS j05 


Aatronl S Oollimation 

SM. I ^ i ; 

<« Position Co 0 * cj 


Leyol g Initpu Oollimation Letel 

fienjiirkt -5 menUl B«m»pk* 

M I b Position Co i ^ 01 1 0 M b * 


I F S loji 33070 0+18 +09 2065 7 +6 I 
71 0 6 s 6 

65 9 


1 1 P JS 1505 Jkos 0 -0 a -I I 1508 8 -4 4 1 


I P W 2073 3 30^0 0-18 -37 3070 4 -3 I 

7» I 6 j I 

69 5 


IPS 1507 61505 0-03 “I I 1506 I -I 

8 3 60 


I P S 3071 I * 

r P JT m. 1011 J § 


I P W 2073 3 3070 0-18 -a ^ 3070 1-19 'll I P W 150^ 3 1505 0 +0 a -o ^ 1501 7-36 

73 3 69 6 ** ® 1 ^ as 

699 ^P2?. 307I.^ /PJf . 

I P W 3072 4 § I P W • 

IPS 2071 42070 0+18 +09 2071 5 00 g I PW 1501 1 1505 0+02 -07 1503 5 -3 ? Qo„eral 

70 * 72 4 Monn —3071 8 ^ * 3 * Moan « 

71 ^ ^ * 3 

a 
o 

IPS 2073 1 2070 0+18 +09 2071 4 -0 ^ W J P J? 507 9 1505 0-02 -II 1509 I —4 a 

70 6 ^20 ft 7 91 


IP W 20/3 92073 2+04 -05 20^3 +0 9 

72 72070 0 -1 ft -3 7 73 I 


IPS 1507 1 1505 0-02 -II 1508 8 -t f 
7 ^ 9 i 

7 7 


Mar 16 / P 27 20/3 6 2070 0 +4 7 +3 9 071 2 +^6 


I 1 U 1519 0 I 18 0 + 1 7 + o 9 1516 6 +0 2 
19 3 16 6 

1(5 4 


16 \I P W 2074 <i 2070 0 - 47-55 20,6 I 


7 / IF 1520 1 15*0 0 +1 7 + » Ts*? 4 -o I 


,17 T P W 2073 4 20/0 0-47 -5 5 30/5 4 + 1 3 Moan C,, ^ / 7 7 1513 4 rsis o + 1 5 + 0 15155+02 Mea 

I 74 > 7 o 7 IP i’ -30749 I 12 1 .,28 5-13 3 -n 0 165 

1 /6 1 If' 4 

g I PW m . 3074 4 fc. 7 p r 

„ 18 IPS 30/4 9 20/0 0+47 +39 207 *+*6 tjenoral ip I P 1 1515 1 1515 o + 1 5 ♦ 0 5 1516 1 -0 8 General 

2 75 , M«n.^ O M«I. 

i S 


19 IPS 2074 6 2070 0+47 f 3 9 2072 1+29 
74 * 7* > 

71 2 


IPS 1515 5 1515 0+13 + 05 I 5 it 0-09 
14 6 17 / 


/ P 2074 62070 d -4 7 -5 < po77 1+3 • 


* Ci *■ ao73 2 for 1st 2 groups and 3070 o for 2iid 2 groups 
t C( ■> 1515 0 for Ist 8 groups, and 1528 g for last group. 


J P IF 1515 7 1511 0 -I 3 - a I 1515 7 -1 5 






WALTAIH (Latitude 17 430 CALTCTTA (Latitude 
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TABm II DEDUCTION OF DJETIATION OOBEBOTION, «, FROM STAB OBSERVATIONS 


jl 


5 Obterred 

g ^ , Tim® of ^ .. 

s OoMtant CoUi _ , 

P . Transit ^ Lovel 

^ IDfttlOQ 


m 

1 Ad 


T |l 


•8 E J 

liilj 
HI li 


1 




h m t 

* 

t 

1 

$ 

m t 

Am t 

m i 

d 

RodoliJfo 1811 

U 

5 

-0 374 

4 53 45 3 

+ 0 8 

+ 0 8 

-I 9 


45 0 

4 S3 4* 1 

- 0 3 9 


( TJrsss Minoru 

L 

5 

+ 0 160 

4 57 i 0 

-0 4 

~o a 

-I 9 

0 0 

5658 5 

4 56 55 5 

-030 


Qroom 1004 

U 

5 

-0 337 

544 6 4 

+ i 0 

+ i 0 

-I 9 


6 5 

6 4 43 1 

■*•2037 2 

+ 07 

8 Ursa) Minons 

L 

5 

+ 0 358 

5 46 *8 4 

-0 9 

-0 7 

-1 9 

0 0 

*4 9 

6 6 5a 6 

+ 30 37 7 


Radoliffo 1311 

U 

5 

-0 374 

4 S3 39 3 

“> 3 

0 0 

0 0 


38 0 

4 53 42 I 

+ 041 

- 47 8 

f UnsB Mmoris 

L 

4 

4 0 160 

4 57 8 4 

+ 0 7 

0 0 

0 0 

0 0 

9 ^ 

4 56 55 5 

- 0 13 6 

Groom 1004 

U 

3 

-0 357 

6 436 5 

-1 6 

0 0 

0 0 


34 9 

6 4 43 7 

+ 088 

- 48 s 

S Ursee MinoKs 

L 

a 

+ 0 1S8 

6 7 16 9 

+ i 6 

0 0 

0 0 

0 0 

J8 S 

6 6 52 6 

- oas 9 

Radolifo 1811 

U 

S 

-0 2,4 

4 S3 43 8 

-J 3 

-0 1 

0 0 


42 4 

4 53 4a I 

- 0 0 3 


( UrsiB Mmons 

L 

5 

40 160 

4 57 >a 4 

+0 7 

0 0 

0 0 

0 0 

13 I 

4 56 55 5 

- 0 17 6 

- 39 9 

Groom 1004 

U 

3 

-0 357 

6 44a 5 

-I 6 

-0 a 

0 0 


40 7 

6 4 43 7 

+ 030 


8 T]na Minoru 

L 

3 

+ 0 358 

6 7 18 a 

4-1 6 

+ 0 I 

0 0 

0 0 

19 9 

6 6 sa 6 

- 0 37 3 

- 43 4 

SadoUffe 1811 

U 

4 

-0 274 

4 S3 48 I 

+ 0 8 

+ 0 a 

0 0 


49 2 

4 S3 42 I 

-070 


# Urs® Mmons 

L 

5 

4 0 160 

4 57 aa s 

-0 4 

0 0 

0 0 

0 0 

33 1 

4 56 55 5 

~ 0 36 6 

- 45 a 

Groom 1004 

U 

3 

-0 357 

6,4 44 7 

+ i 0 

+ 0 a 

0 0 


45 9 

6 4 41 7 

“033 

“ 48 8 

8 Ursm Mmons 

L 

3 

40 338 

6 730 7 

-0 9 

-0 1 

0 0 

0 0 

29 7 

6 65a 6 

“ 037 I 

Groom 1004 

u 

3 

-0 357 

6 2 15 7 

+1584 

-0 4j 

-1 7 


4 52 0 

6 4 43 7 

“ 0 8 S 


8 Ursn Mmons 

L 

1 

+ 0 358 

6 10 3 0 

-1565 

+ 0 3 

-I 7 

0 0 

7 as I 

6 6 5a 6 

“ 0 32 s 

- 33 9 

61 Cephw 

U 

3 

-0 417 

6 50 8 8 

-I 9 

-aj 4 

-I 7 

— 0 I 

4 7 

6 50 38 

“ 0 1 9 

- 39 5 

Radcliffe 1811 

u 

4 

-0 374 

4 54 1 I 

-» 3 

—0 6 

-1 t 


S3 57 5 

4 53 42 I 

~ 0 IS 4 

- 38 0 

» Ursw Mmons 

L 

5 

4 0 160 

4 57 a8 a 

+ 0 7 

+ 0 a 

-I 7 

0 0 

27 4 

4 S6 55 5 

- 031 9 

Groom 1004 

u 

3 

-0 W7 

6 4 55 6 

-16 

~o 7 

+ 1 7 


55 0 

6 4 43 7 

- 0 II 3 


8 Ursffi Mmoru 

L 

4 

+ 0 358 

6 7 29 3 

+ i 6 

+ 0 5 

+ 1 7 

0 0 

33 0 

6 6 53 6 

- 0 40 4 

- 40 7 



+ 05 00 00 13 3 45655 5 + 04» « 

-»a 00 7964 43 7-1 34 > 


+ 1 S 00 00 30 46 6 $3 6+ 133 3 


+ 06 0 oI 0 0 318 3J18497 +1379 

+ 481 9 

-* 0 00 54 9 4 53 43 I -* 13 8 +*785 

+ * 7 S « 

+03 00 00 5 * 4 56 55 5+0 JO 4 





!PASZX n DEDUCTION OF DEVIATION OOEBEOTION, a, FKOK STAB OBSEEVATION0 






WALTAIB (E) un > MADBAS 


SUSIJB il DBDTTCTION 01 DEVIATION COEEEOTION, a, FEOM STAB OBSBBVATIpNS 


r P ^ 

^ 3 V I 


I I Ob.er.ed 

4 ^ tion 

I I Octet 


Pen *§ S 
Fqna S M 


„ Colh , , Fqna S 

Transit , Level g 

matioo tion g 


h i|| 
I's -iii 
|i Ills 

I ^ ^ «3 


Groom 1004 

U 

1 

-© 355 

6 4»4 5 

+ 3 9I 

8 Uric Mmon. 

L 

6 

+ 0 357 

6 6 36 7 

-3 7 

51 Oephei 

IT 

3 

-0 4>S 

6 49 33 1 

+ 1 3 

Radcliffe 4208 

L 

3 

+ 0 353 

6 49 41 6 

-37 

Radoliffe 1811 

V 

4 

-0 373 

5 653 4 

+ 3 3 


, « UnuB llinone 

W Groom 1004 

„ 8 UrMa Mmoii. 

E BadoUffo 1811 

, ( Ursffl Minon. 

W Groom lOO** 

8 tram Mmon. 

E Radcliffe 1311 

, f UruD Mmon. 

W Groom 1004 
8 Ureee Minoris 

E RadclifTo 1311 
t ITrss Minoru 

W Groom 1004 
8 Ui8® Minoru 

W RadcHffemi 
f Ur.® Minoru 
Groom 1004 
8 Ure® Mmon. 


+ 2 i ) +14 

~3 7 -10 


-3 5 3 

+ 3 3 +09 

-37 -13 

+ 15 +04 

-35 5 

+ 3 3 +> » 

-37 -13 
+15 +04 
-35 -* S 
'+3 3 +>' » 

+33 —01 

-13 0 0 


18 S 6 4 45 6 + 0 37 I 

00 33 2 66510 + 0178 

37 7 6 50 6 o + 0 28 1 

00 38 I 6 49 56 8 + o 18 7 

55 7 4 53 4 * 3 -13 *3 4 

00 14 7 45655 5 -»3 JO * 

178 6 445 6 + 0378 

00 35 7 6 6 51 0 + 0 IS ^ 

58 7 4 53 4 * 3 -13 »6 4 

00 20 8 45655 5 -13 *5 3 

19 3 6 4 45 6 + 0 37 4 

00 37 1 6 6 51 0 + 0 13 9 

* 4 4 53 4 * 3 -13 *0 J 

00 23 8 4 56 55 5 -'3 *8 3 

3 * 8 6 4 45 6 + 0 34 8 

00 ^7 I 66510 + 0 13 9 

45 9 4 53 4 * 3 - 5 3 6 

00 64 4 56 55 ■» - 5 >0 9 

20 9 6 4 45 6 + 0 24 7 

00 39 4 66 51 0 + 0116 

30 I 4 5? 42 3 + 0 22 2 

00 40 9 4 56 55 5 + 0 14 0 

20 8 6 4 45 G + 0 34 8 

00 ^9 3 66510 + 0117 



Groom 1004i U 3 -0 ^71 6 4 57 o —3 1 -o 6 00 

8 Ursffi Minoru L 3+0 367 6 4^60 +30 +04' 00 

51 Cephoi U 3 -0 433 6 50 38 3 —35 -07 00 


51 Cephoi 
Radoliffe 4208 


, 51 Oephei 

„ Radchffe 4208 


54 3 6 4 46 5 - o 7 8 

58 4 6 6 so 8 + I 53 4 j 

25 I 6 ao 8 1 - 0 if) 9 


L 3 +0 363 6 48 1 6 +3 0 -^0 4 00 00 4 0 6 49 55 3 + 1 51 2 


Groom 1004 U 2 -o 371 6 4 56 5 +14+11 00 

8 UiwB Minori. L 3 +0 367 6 4 53 o -i 4 -0 7 00 

61 Oephei U 3 -0 433 6 50 38 o + 1 7 + 1 3 00 


59 o 6 4 46 s - o 13 3 

00 5© 9 6 6 50 8 + 1 59 9 

30 9 6 50 8 3 — 0 33 7 


+ 0 363 64756 o -> 1 -o 7 00 00 54© 649553 +3 li 





lilTALTAtE (E) AiTD BOI^UM (W> W ALTAIB (£) asp MADRAS (W) 

WALTAIB (latitude 17“ 43^ MADRAS (Latitiide 13 4O | WALTAIR^bfcade 


aauzB n vmscms op dbvutioit coiRBcnoif, », psok sub obsbbvatioiib 






Gwom 1004 

D 

a 

-0 371 

6581 

3 Ursse Minoru 

L 

a 

+ 0 ^67 

6 439 S 

61 Cephei 

U 

3 

-0 43a 

6 JO 4» S 

BBdcliffe 4208 

L 

1 

+ 0 3(>S 

<47 35 5 

Groom 1004 

G 

a 

1-0 371 

< 5 *3 5 

8 Tints Minons 

L 

2 

+ 0 ^6? 

6 4ai s 

51 Cephet 

D 

1 

-0 433 

< 50 45 5 

Radoliffo 4208 

L 

a 

+ 0 363 

6 47 »< 5 


“O 6 +0 9 o < 


8 4 

< 446 5 

“ 0 ai 9 

39 4 

6 6 50 8 

+ 3 31 4I 

4» 9 

6 50 8 a 

•* 034 7 

35 4 

< 49 55 > 

+ a 19 8. 

14 0 

6 446 5 

- ©37 S 

ai a 

6 6 50 8 

+ a 29 6 

46 I 

6 50 8 3 

- 037 9 

26 a 

< 49 S5 » 

■f a 29 0 


E J UreeB Mmoni 
„ 61 Cephei 


E Groom 1004 
9 TJrste Miuons 
61 Cophei 

E Groom 1004 
3 Urse Hinoris 
51 Cepliei 



+ 0 373 

6 18 59 I 

-a 8 

~0 I 

-1 7 

-0 444 

7 3 47 0 

+ 3 5 

+0 3 

+ 1 7 

-0 381 

6 17 *5 © 

+ 1 0 

0 0 

! i-i 8 

+ 0 373 

6 18 57 9 

-0 9 

0 6 

1 +1 8 


D a -o 444 7 8 49 6 Ui I © o +' 


“0 381 

6 17 17 0 

7 

-0 7 

+ ! 7 

+ 0 373 

6 19 24 4 

+ i 6 

+0 4 

+ 1 7 

-0 444 

^ »39 * 

-2 0 

-0 8 

+ i 7 

-0 381 

6 17 17 9 

-I 7 

-0 6 

+ i 7 

+ 0 373 

6 1931 4 

+ i 6 

+ 0 4 

+ 1 7 

-0 444 

7 2 4* I 

-2 0 

-0 / 

+ i 7 



61 Cepiei 

U a 

-0 4^a 

6 52 II 5 +05 

-0 3 

0 0 

11 7 

650 8 3 

Rsdcltffe 4208 

L a 

+ 0 3<3 

< 47 45 8 -©4 

+ 0 a 

0 0 

00 45 3 

6 49 55 4 

Groom lUO 

G 3 

r-i 165 

7 56 10 0 +14 

-0 8 

0 0 

10 6 

7 6© 9 4 

A Grsts Minons 

L a 

+ i 19a 

7 33 43 0 - 1 4 

*0 7 

0 0 

00 4a T 

/ 30 >4 0 

Groom. 8212 

L a 

+ 0 223 

8 13 25 9 -03 

+ 0 1 

0 0 

00 2S 7 

8 14 51 6 

61 Cephei 

U a 

-0 43a 

< 49 44 5 - 1 3 

-0 5 

0 0 

42 7 

6 50 8 3 

Eadoliffe 4208 1 

L 2 

+ 0 363 

6 49 45 0 +11 

+ 03; 

0 0 

00 46 4 

< 49 55 4 

Groom lllO 

D 2 

-I 165 

7 49 34 S -3 < 

-X a; 

0 0 

29 7 

7 5© 9 4 

A Gn» Minoru 

L 2 

+1 192 

7 TO 20 5 +36 

+ i 1 

0 0 

00 25 a 

7 TO 14 0 
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TAStS! II ©BDtrCTION OF DEVIATION COBBEOTION, a, FROM STAB OB 8 EBVAHOKS 


I I I 




E Oeplim U 3 -o 45a 64945 4 -1 3 >0 6 00 

„ 4208 L 3 +0363 6 49 41 o -t-ii +03 00 

„ Groom 1119 U 3->ii65lr49 445 -3 6-i3 00 

, K Grss Minoru Lt-i-iigtjio 6$ +36-^12 00 


11 Hit 


43 5 I 6 so 8 3 + 0 34 8 


43 4 64955 4 + 013 0 
39 6 7 so 9 4 + 0 39 8 
”3 7 30 *4 0 +037 


E 61 Cephei U 3 ~o 433 6 49 41 5 +0 1; ~o 4 00 

„ Redoliffe 4208 L 3 40 363 64937 « —o 4 +0 3 00 

, Groom 1119^ U 3'-ii65 7 49 50 3 4i4-io 00 

, K Ur»e Minoru L 3 41 193 7 30 i3>-i4 40 9 00 


41 6 6 50 8 ^ 4 0 36 7 

00 37 3 649 55 4 4 o 18 I 

SO 7 7 so 9 4 4 0 18 7 

00 08 7 30 14 0 40 13 3 


u 3 -o 433! 64945 3 40 5 -0 6 


4 S 3 6 so 8 3 4 0 33 I 


„ Bodcliffe 41iD8 L 4 40 363 6 49 39 8 -0 4 4o 3 00 00 397 649554 ^ ^ 1 

E 61 Oephoi U 3 -0 433 64941 0 -1 3 -0 8 00 38 9 6 50 8 3 4 0 39 4 

I JP X ! „ Badoliffe 4208 L 3 4o 363 6 49 31 7 4 1 i +0 5 00 0 0 33 3 6 49 55 4 4 0 33 i 

„ Groom 1418 U 3 -0 361 8 aa 59 1 -0 8 -0 5 00 57 8 8 33 36 7 4 0 38 9 


U 4 -o 433 7 9 59 9 40 5 -o 5 41 7 61 6 650 8 3 -1953 3 

L 5 +0 363 7 949 I -o 4 40 3 41 7 00 50 7 649 55 4 -1955 3 


W A lire® Minoru L 341 193 7 30 136-13413417 14 3 7 30 14 0-003 

, Groom 1119 U i-^i 166 7 50 39413 -13417 00 55 750944039 


3 -0 431 7 9 57 8 40 s -o 5 41 7 


59 S 650 8 3 -1951 1 


, Eodoliff0 42O8 L 4 40 363 7 936 5 -0 4 40 3 41 7 o 0 38 1 649554-19437 

W 61 Cephei U 3 -0 433 6 50 10 5 -1 3 -o 7 4 1 7 10 3 6 50 8 3 - 0 1 9 

ft Eodcbffe 4208 L 4 40363649385 410404 417 00 41 6 6 49 55 440 13 8 

, ^UrsoMinom L 3 4i 193 7 39 35 7 43 5 4i 5 4i 7 434 7 30 14 0 4 0 31 6 

„ Groom. 1119 U 1 -1 166 7 5036 4 -3 4 -1 6 4i 7 00 33 1 7 50 9 4 - 0 33 7 


B 81 Cephei U 3 -0 433 7 10 9 9 -i 3 -o 8 *i 7 95 6 50 8 3 -30 i 3 

tt Badoliffe4208 L 3 40 363 7 9399 410 404 417 00 34 0 649554 -19376 

W ^ Un« Mmoris I1141193739346 435417 417 31 5 7 30 14 040 43 5 

Groom 1119 G 1-1166750505 -34-18 417 00 47 o 75094-0376 





WALTAIE (K) ANi> BOLABUM (W) 


vjUT.it u DBDUCnOir OF BBVIATrON COBEBCTIOS, «, FBOM STAB OBSBEFASIOSS 

_ 1 OoiTMtioni fw 1 fi I M 'S 

I . S 9 I 1 I 1 t - 1 


I I ObMrred 

I I ‘^'7* w 7 i*™i 7 I 

O tg A malaon twa £ 


tjiOB I 

9 


III 1^ 


iv SlCephei U a ~o 433 7 953 i +o j -o i + 1 ; 55* 65083 -19469 

, Badohffe 4208 I<3-l-0 363 7 9 48a-0 4+oi4i7 00496 6 49 55 4 -19 54 2 

W A. Urm Minoru L i -t-t 193 7 30 15 o -1 a •^o 3 -f t 7 158 7 30 14 o -r- 0 1 8 

) Oroom 1418 U 3 -0 a6t 8 33 18 5 4o 3 -0 i — i 7 00 17 0 8 33 }6 7 f o 9 7 


a -o 433 7 953 M +05 -0 i +i 7 


[ B 61 Oephoi tr 3 -0 433 7 10 0 0 +0 5 00+17 » a 6 5 ® 8 3 -1951 9 

Radcliflo4208 L 3 +0 363 7 949 j -o 4 00+17 00 505 649554-19551 

W A Uraffl Minoru L 3 +1 193 7 30 88-13 00+17 93 7 30 14 0+047 

j Groom 1119 U 1—1 166 7 50 63 +13 00+17 00 93 7 50 94 + 003 



£ Badcliffe 4208 L 3 +0 363 64933 9 —0 3—06+17 34 7 64958 4 + 033 7 

Pitwei TI 292 U 6 -0 158 7 8 46 o +0 3 +0 4 1 7 00 48 3 7 8 3; 1 - 0 31 3 


A Urs® Minona L * + * 191 7 a8 33 1 


\ 2 7 30 i8 9+3 07 


U 3 -I 169 7 53 31 3 +I I +3 4 -I 7 00 331 7504s -ai86 


B Radchffo 4208 L 3 +0 363 6 50 33 5 + 1 o +0 2 + 1 7 35 4 6 49 58 4 - 0 37 0 

j Piazii VI 292 U 6 -o 158 7 8 30 6 -o 5 -0 i + 1 7 0 0 3i 6 7 8 37 i + 0 5 5 

A Urs® Mmona L i + 1 191 7 31 33 4 +3 3 +0 7 -I 7 35 9 7 30 iB 9 - I 17 0 

Groom 1119 U * -i 169 7 49 13 o -3 3 -0 8 -1 7 00 73 7 50 4 5 + 057 3 


L 4 + o 363 6 50 33 I 


+ 1 0 

+0 3 

+ i 7 

-0 5 

-0 1 

+ 1 7 

+ 3 3 

+ 0 7 

J 

“3 3 

-0 7 

-1 7 

-0 3 

0 0 

+ i 7 

+ 0 2 

0 0 

+ 1 7 

-ea 

0 0 

+ » 7 

+ 0 3 

0 0 

+ i 7 


26 0 6 49 58 4 - 0 37 6 

31 4 78 3; I +037 

37 * 7 30 18 9 - I 18 9 


S BadoUffe 4208 
PiazziVI 292 
, A Dra® Minoru 
Oroom 1119 

S Badcliffe4208 


E Badcliffe4208 L 3 +0 363 6 50 33 9 -0 3 00+17 353 649584-0269 

, Fiaszi VI 292 TJ 3-0 158 78 33 4+0 3 00+17 00 34 3 78371+028 

, A Urwe Minoru L i +i 191 7 31 39 7 -i i +0 1 -1 7 370 730189 -i 81 

„ Groom 1119 TJ 3 -i 169 7 49 16 6 +i i -0 i -i 7 « » >5 9 7 So 4 6 + 048 6 
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Oorreotioni for 

(ion 

ConiUint 

A { 

Obsorred 

Time of 

Tnmut 

OoUi 

mation 

Lerel 

Pen 

Eqna 

tion 

Q 

II 



B Badoliffe 4208 L i +o 36^ 6 50 15 3 -fo a >o i +1 5 349 649584-0365 

„ PiuiiVI 292 U 3 -o 158 7 8 33 8 -0 1 +0 I +i 5 0 0 35 3 7 8 a; i + 0 i 8 

„ X Vfnm Mmoris L i + 1 191 7 31 38 6 40 6 -0 3 -1 5 37 4 7 30 x8 9 - 1 8 5 

„ Groom 1 U 9 U i -i 169 7 49 33 7 -0 6 +0 4 -1 5 0 0 ai 0 7 50 4 5 + 043 5 


Badoliffe 4208 

L 

1 

4 0 360 

6 49 46 7 

PiazaiVI 292 

F 

3 

-0 156 

7 748 3 

A Frees Minone 

L 

a 

4 I 183 

7 3® 5» 0 

Groom 1}19 

U 

3 

-1 159 

748 39 S 

Badoliffe 4208 

L 

3 

4 0 360 

64947 I 

Plain YI 292 

F 

3 

-0 156 

7 7 45 8 

X Frees Mmoru 

L 

3 

4t 183 

7 30 57 S 

Groom Ui9 

F 

3 

-* «S9 

7 ^8 31 0 

Badoliffe 4208 

L 

3 

40 360 

6 49 4» S 

PiaznTI 292 

F 

1 

-0 156 

7 7 43 3 

X Free Mmoris 

L 

3 

4 1 183 

7 3® 47 0 

Groom 1119 

F 

3 

-1 159 

7 48 32 5 

< 

Badoliffe 4208 

L 

3 

4 0 360 

64942 3 

PiaiiiVI 292 

F 

3 

-0 156 

7 7 4® 7 

X Fnes Minons 

L 

1 

+ 1 183 

7 3® 47 ® 

Groom 1119 

U 

1 

‘59 

748 3a 0 

Badoliffe 4208 

L 

3 

4 0 360 

6 49 39 2 

Plain VI 292 

F 

3 

“0 156 

7 738 8 

X Fnes Mmons 

L 

1 

41 183 

7 30 46 ® 

Groom 1119 

F 

i 

-I 159 

7 48 34 0 

Badoliffe 4208 

L 

1 

40 360 

6 49 37 0 

PiaiuVl 292 

F 

1 

-0 156 

7 7 16 a 

X Fine Minone 

L 

3 

4 I 183 

, 7 3® S® 5 

1 Groom 1119 

F 

3 

-2 «S9 

7 48 18 5 


47 7 7 8 27 ‘ + o 19 4 


36 3 7 SO 4 5 +» 28 2 


7 8 37 I + 041 9 


29 > 7 SO 4 S + > 35 4 


43 o 7 8 37 I + 044 I 


4 1 183 730470 409 410 00 00 48 9 7 30 18 9— 0 30 0 


10 s 7 so 4 5 + 1 14 o 


40 4 7 8 *7 »+ 0 46 7 

48 8 7 30 18 9 - 0 39 9 

30 I 7 SO 4 S + « 34 4 


38 3 7 8 37 I 4 0 48 i 


4 1 183 7 30 46 o 4 1 4 4 1 6 0 0 0 0 49 o 7 30 18 9 — 0 30 I 
-I 159 7 48 34 o -1 4 -1 8 00 30 8 7 so 4 5 4 I 43 7 


35 7 7 8 37 1 4 051 4 


*S S 7 SO 4 5 + I 49 < 
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1 
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1 
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s 

1 

'S 

1 

£ 

o 

A 

Deria 

tiOD 

CoDtlant 

A 

Obterred 

Time of 

Tranub 

Correctioni fix 

IJ 

‘S’S 

p 

l|l| 

Jill 

1 1 

IJ 

•s 
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1892 


"1 
























km $ 

« 

$ 

$ 

« 

t 

Am 0 

M 0 

d 

if 





ID 

Bradley 1399 

U 

* 

-0 aio 

101329 4 

+ 1 0 

+ 0 5 

+ » s 


3* 4 

10 [4 90 

■f 0 36 6 








, 2993 

L 

4 

•fo 268 

102144 4 

-I 1 

-0 4 


0 0 

44 4 

102131 7 

-■0127 

-toy I 




Blur 15 

IPS 

• 

„ 3058 

I 

3 

+ 0 193 

loss 8 7 

-0 8 

“0 3 

-1 5 

0 0 

6 1 

10 54 59 9 

r- 0 6 2 

-106 2 

-105 7 





w 

„ 3194 

L 

3 

+ 0 p4 

113813 I 

-1 3 

-0 j 

-1 S 


II 8 

‘15358 9 

+ *5 47 1 








Groom 1850 

U 

a 

“0 290 

i»4»S» 4 

+ 1 3 

40 6 

-1 S 

0 0 

S3 8 

II 59 44 0 

+ 16 51 * 

-lo; 9 






E 

Bradley 1399 

u 

4 

“0 210 

10 1342 8 

-I 4 

40 2 

+ l 4 


43 0 

10 14 90 

■f 0 16 0 







„ 

„ 2993 

L 

4 

+ 0 268 

10 21 30 B 

+ i 6 

-0 2 

41 4 

0 0 

33 6 

1021 31 7 

- 0 1 9 

- 58 4 




16 

IP w 

II 

„ 8068 

L 

3 

+ 0 193 

10 5459 0 

41 1 

-0 1 

-1 4 

0 0 

58 6 

10 54 59 9 

4013 

- 61 3 

- 61 9 





W 

, 8184 

L 


+ 0 304 

n 38 40 

41 8 

-0 2 

-1 4 


4 1 

115358 9 

+ *5 54 7 








Groom 1850 

U 


-o 190 

1143 11 6 

-I 9 

40 3 

-1 4 

0 0 

9 6 

115944 0 

+ i<>34 4 

- 66 8 






E 

Bradley 1399 

u 

4 

-0 210 

101342 2 

-I 4 

40 2 

+ 1 5 


4* 5 

■0 14 90 

+ 0 26 5 



g 




I 

,, 2993 


1 

■fo 268 

1021 32 7 

41 6 

-0 1 

■*•1 5 

0 0 

35 7 

»o4i 31 7 

- 0 4 0 

- 63 8 


as 

§ 

♦ 

« 17 

I PW 


„ 8058 

X 

3 

+ 0 193 

1055 0 9 

4i I 

~o 1 

-1 5 

0 0 

0 4 

1034 59 9 

~ 0 0 s 

- 67 0 

- 66 3 

<( 

'C 



W 

, 3194 

L 


+ 0 304 

1138 7 0 

41 8 

-0 1 

-1 5 


7 1 

“ '3S8 9 

+ 15 51 8 



m 

« 

9 

1 'V 



» 

Groom 1850 

u 

3 

-0 290 

114314 9 

-I 9 

40 2 

-1 s 

0 0 

II 7 

11 59 44 0 

+ 16 32 3 

- 68 2 


a 

5 

1 



E 

Bradley 1399 


S 1 

—0 210 

IOM39 5 

41 0 

+ 0 3 

+ 1 5 


41 3 

10 14 90 

+ 0 26 7 



g 

p 

0 

R 



1 

, 2993 


4 

+ 0 168 

102139 5 

-1 1 

-0 3 

+ 1 5 

0 0 

39 6 

10 21 31 7 

- 0 7 9 

- 71 4 



s 

18 

IPS 


8058 

L 

3 

+ 0 191 

1055 5 * 

-0 8 

-0 a 

-I 5, 

0 0 

1 7 

10 54 59 9 

- 0 2 8 

- 73 a 

- 74 5 

'0 




W 

3194 

L 

3 

+ 0 p4 

11 38 16 6 

1 3 

-0 3 

-I 5 


13 5 

11 5358 9 

+ 15 45 4 








Groom 18t/0 

U 

3 

-0 290 

114311,1 

+ i 3 

40 4 

-1 5 

0 0 

13 3 ; 

n 5944 0 

+ 16 31 7 

- 78 0 






F 

Bradley 1399 

U 

3 

-0 210 

101341 0 

4 10 

40 4 

+ ' 5 


43 9 

10 14 90 

+ 0 25 I 








2993 

L 

1 3 

+ 0 268 

10 21 40 0 

-I I 

-0 3 

+ 1 5 

0 0 

40 1 

10 21 31 7 

- 0 8 4^ 

— ,0 1 




19 

IPS 


I 3058 

L 

3 

1 +0 *93 

loss 6 3 

-0 8 

— 0 2 

-I 5 

0 0 

3 6 

105459 9 

- 0 3 9 

- 7a 0 

- 71 9 





W 

3194 

L 

3 

+ 0 304 

1138 17 8 

~l 3 

-0 4 

-I S 


14 6 

II 4358 9 

+ 15 44 3 








Groom 1860 

U 

1 

! -0 190 

1143 "! 7 

+ 1 3 

+ 0 S 

-1 5 

0 0 

16 0 

II 5944 0 

+ 16 28 0 

- 73 6 






£ 

Bradley 1899 

u 

3 

-0 210 

• 0 1341 0 

1 

-I 4 

40 4 

+ « 5 


41 S 

10 14 90 

+ 027 5 







. 

, 2993 

L 

3 

4 0 268 

102143 3 

416 

-0 3 

+ 1 5 

0 0 

46 1 

1021 31 7 

- 0 14 4 

- «7 7 




, 20 

IPW 


SOeS 

L 

3 

+ 0 193 

|iosS 9 7 

4t I 

-0 a 

-1 5 

0 0 

91 1 

'0 54 59 9 

— 0 9 2 

- 91 1 

- 90 3 





W 

, 8194 

L 

3 

+ 0 J04 

1 II 38 22 9 

4 1 8 

-0 4 

“« 5 


22 8 

115358 9 

+ 15 38 1 








Groom 1860 

U 

3 

-0 290 

|li43 16 2 

-I 9 

40 5 

-1 S 

0 0 

.3 3 j 

1 1 59 44 0 

+ 16 30 7 

- 92 0 



The Deviation corrections at Dehra Dun for this Arc were denved from intersections of a Mendian Mark, and are given 

on page 26 of Part 1, of this Volume 
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3!dSZM XG ABSIBACI OB OBSBBVBD VALOBS OB PBBSONAL EQUAHOK 
Gctwecn Cupta^ l&wrwi <wk^ ld% 6 ui&M/nt Xicnons^CottynghoM 


OaBiBvro WITH Tumooph Wo 1 


Al KABACHI (Latitud« 34 jt') 


Norember9 1891 


NoTUDb«r 10, 1891 


At BOMBAY (lAtitud9 18“ 54') 

FebruaiyW 1892 Febrtuuy 18, 1892 


luation 

1-0) 

BUr 

Oeolination 

EquafciOc 

(fi-C) 

« 

-0 19 

441 

+ 46 a? 

1 

-0 14 

-0 IS 

492 

+ 4? so 

-0 33 

-0 33 

622 

+ so 9 

—0 It 

-0 n 

666 

+ 40 »a 

-0 31 

-0 og 

624 

+ 3* 46 

-0 3a 

"0 16 

649 

+ 37 ai 

-0 38 

•0 14 

691 

+, 3» Sa 

-0 It 

-0 04 

705 

+ 48 a8 

-0 18 

•0 17 

727 

+ 40 SS 

-0 IS 

'0 13 

819 

+ SI 4 

-0 13 

■0 )I 

868 

+ 56 39 

-0 30 


F^bruvy 19 1892 


2410 33 II 

2429 + 40 53 

2440 + 37 SI 

2472 + 38 8^ 

2499 + 30 34 

2509 + 34 so 

2640 + 39 9 

2o78 + 33 3s 

2692 + 3^ 

2606 + 19 36 

2617 + 37 3 
2682 + 30 10 

2714 + 31 54 

2784 + 33 48 
2788 + 37 34 


Mean(B,- 0 ^) -0134 


2487 + 3 31 
2491 + 3 3* 
2626 + 5 29 
2668 + 18 47 
2649 4- 1649 
2664 + 16 4g 
2679 + 10 15 
2690 + 13 36 
2726 - 340 


2679 + 10 15 

2690 + 13 36 

2725 - 3 40 j 


-to 37 2769 
-0 30 2778 
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Bttwetn OapUun Bvrrard and L%e»te»aitt Zenm^Oonifnglum, 















316 TABLS m DBDtJOTON OP THE KKAL VALUES OF THE KBLAlflVE FBBSONAL EQUATIOJT 


Between Ca^iam Burrard <md Lmtencmt Zenox^Conyngham 



Bt Stabs oi Kobih Aspbov 

Bt Stabs op Soitte Abpxot 

station 

ABtroDomical 

Teleioope 

Mean Value of 

General Mean 

Mean Value of 

General Mean 


Date 

inuie 

Equation 

“ V 

Equation 

(Bg -Og) 






(B, -0,) 




1881 


« 

1 

1 

t 

tc 

c. 


NoTember 9 

No 1 

- 0 154 

- 0 180 

- 0 308 

- 0 339 

p! 

-< 


• 10 

» 1 

- 0 aos 


- 0 270 



1892 






IH 

<< 

February 17 

No 1 

- 0 a86 


- 0 276 


s 

, 18 

. 1 

-•0 

- 0 353 

- 0 247 

- 0 255 

s 

» 19 

» 1 

- 0 834 


- 0 243 









0 

P 

Apnl 2 

No 2 

- 0 355 


- 0 386 



.. 8 

.» 2 

- 0 337 

- 0 354 

- 0 295 

- 0 286 

H 

4 

1 

•> 0 269 


- 0 376 


P 








Final Values of the Equation Adopted 

The difference between the final means (B^ — 0 ^^) and (Bg— Og) is so small that a mean of the two has 
been adopted as applicable to all stars 

Por the first Arc of the season, viz , Calcutta-Waltair, the followmg value was adopted, (B — C) = — o 210, 
being the Kovember value 

For the second and third Ajcs, rw, Waltair-Jubbulpore and Waltair-Madras the following value was 

$ 

adopted, (B — C) = — 0 254, being the February value 

For the fourth and fifth Arcs, mz , Waltaii-Bolarum and Bolarum-Bombay the following value was 

I 

adopted, (B — 0 ) = — 0 262, bemg the mean of the February and Apnl values 

For the sixth Arc, viz , Fyzabad Debra Diin, the Apnl value (B — C) = — 0 270 was adopted 

In these equations the general symbol (B — C) signifies the quantity which must be added to times 
observed by Lieutenant Lenox-Conyngham, before they are compared with those observed by Captain Burrard 
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>7 a4 99 -a 00 ai 99 
18 a8 8a «>a oe a6 8a 


Com* for Pent Equolaone 





SMSUr r OBSBKVATIONS OB TBANSTTS WITH B CLOCK, AND DIDUCTION 
OF THE APPARENT DIFPBBBNOB OP LONGITUDES, AL - ^ 


W ALTAI* (K) Lai ir 43 “ Long AND BOLARTJM (W) Ut if W, Laa§ 14* td* 


A C »ec(t 

Number netiun 


Tbansitb Omxbtsd at E 

Tranbitb Obbkrtsd at W 

OtSerenaa of 
Corrected Timeo 

Sg Swrard with TtUteopt So I 

Sf Lonox Coagagham wvik TtUteopo So 2 

(W-B) 

In I 1 1 

- 1 In 1 1 1 ; 

j 

tramental u»«i. 'Tni.i 

5 ttrumenU) u-.- h'eoond* 



Ohiarred Correa 



N I P W 7 5 7 7S +0 37 8 12 N IPS 7 14 i8 11 +i 6t 19 71 19 11 6a 

d 


* /4 +0 79 ‘9 5 ? 


*S *9 59 J 60 v 19 


oTjiSJ ‘4 <i M +«07 730 N IZil 3^17^* + « 59 *« 9* 


16 014 + i 30 


3 $ «> 45 +> 59 *>3 »4 


2362 + i6 Ji '' 

2373 «■ 3 t« H 

23'<2 ► o j 8« 

2398 -4-16^4 ^ 


7 7 35 18 4-1 87 37 05 8 

9 3 91 + 3 46 7 18 

10 10 74 3 85 14 59 ^ 

13 18 28 -I- 1 81 20 09 8 


7 2647 03 +1 59 48 64 19 21 59 

38 17 46 + I 59 I 94>5 li 67 

39 84 69 + 1 59 26 38 II 69 

51 30 n n 59 31 70 II 61 


4 i 

2465 + 11 45 <2 “ » 8s 7 56 43 -a 31 54 23 N Q — 1 65 7 40 7 60 - 1 71 5 89 19 11 67 

2460 21 4c N 21 48 8, -8 21 46 68 N ^ 406004-171 5833 II 65 


2460 21 4C N 

2469 4- 38 8 N 

2472 + 28 8 N 


*5 55 8 « -5 14 7 * N 

34 26 93 -3 14 23 79 ^ 


4 * 45 97 - » 89 44 »8 


2444 11 5 3 8 

2480 + 3 

2487 ^33 S 

2481 + 3 3r S 


7 19 36 04 -0 94 25 10 

26 56 08 +0 33 56 25 

37 58 80 +0 07 58 87 

39 3 78 +0 07 3 79 


7 3? 38 48 “> 7 « 36 77 «9 “ ^7 

46 9 60 - 1 7 1 7 89 1164 

47 12 27 - 1 71 10 56 II 69 

48 16 32 -I 71 14 51 II 73 


19 2848 +27 s N IPS 7 5 9 64 + 1 64 1 1 ig 


2360 f 24 19 N 

2410 + 23 11 N 

2428 +3039 \ 


5 9 64 +1 64 II ig N IPS 7 34 31 39 +1 61 33 00 19 II 72 

6 31 IS +1 61 23 76 N ^ 2533 80 +1 61 34 41 II 6s 


*4 8 93 + I 59 10 sa * 
16 3 99 + I 58 4 57 N 


33 30 53 +1 62 32 15 II 63 

35 14 70 +i 63 16 35 n 7* 


2862 +1621 S 

2172 + 3i« r 

2382 4- 0 a S 

2898 + 1644 8 


7 7 38 65 + 1 55 40 30 

9 9 04 + 1 45 >0 49 

101631 +145 «7 74 

13 31 73 +i 55 33 37 


7 36 50 30 + I 66 51 86 19 II 66 

38 30 55 + 1 71 32 36 11 77 

39 37 83 + I 72 39 55 it 81 

3« 33 55 + ‘ 55 0« »* 13 








tssis V OBSERVATIONS OF TRANSITS WITH E CLOCK, AND DBDDOHON 
OF TAB APPARENT DIFFERENCE OF LONOIl’CDBS, AL - /J 


WALVAIB (B) L«t 17^49 Long 6^ 89^ , AND BOLARUM (W) Lat IT Hff, Long 14» t8> 


TbaNWTS OBUKKrED AT E 
Sg J8umu>d wtk TtUteofo Lfo 1 


I'bansitb Obbbb^ed at W 

J3g Lenox Conynghom mti TeUteope Jfo 9 


B A.0 Bacii 
Nuut>«r muon 


« « In 

I »trument«l j|e,n Total Swondi « »tfuin«ital Mean 
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OWerred Correc 


Difference of ^ 

Q 

Corrected Ximea • 

(W-E) I 
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Oronp J 


r »i4S ^ /Pif 7*®S9 «9 -« 76 57 43 N /P jB 7 40 10 8» -I 78 9 04 19 n 61 


#480 4 - ai40 N „ ^ U 41 64 -» 76 49 «« N ^ ^ 

" Sia?l -j* ««« » S;,j; 

2472 4 38 8 N t 3^38 66 ~i 70 a 6 96 N « 

<2 “ I 65 Q - 1 70 


h-r :-l 


*3 37 38 - 1 70 35 I 


41 4 40 - 1 78 162 

4 a 49 41 -I 80 47 61 


43 40 49 - 1 80 38 69 1 1 73 


8487 + ni 8 


7 19 30 «5 -* 84 aS jf S 

a^ 61 17 9' 59 4^ 8 

a 8 3 99 -I 90 3 09 8 


7 18 41 75 “« 71 40 02 19 II 71 

46 13 81 —1 69 11 14 II 68 

47 IS 10 -I 69 13 8 t II 72 

48 19 40 -I 69 17 7t II 61 


*0 2843 37 a N / P F 


* 0 - a'*. 


t ao ,9 N 


P F 7 5 >3 >7 +158 1471 N jpr 7343516 +119 3645 191180 

. 62464 +117 *6 31 N ^ ^ ,51651 +143 17 95 1174 

1,55 '4 1*39 -^'56 1195 N 331431 +144 3,69 1,74 

2 16653+155 8 08 N , 15,841 +‘145 ,988 n 8 o 

+ 1 68 ^ + I 65 


7 74a 16 ^-Ma 41 68 *1 

9 13 51 +i 48 11 99 S 

13 35 17 13 26 69 S 


7365400 +149 55 49 191181 

38 34 13 + I 63 31 74 11 75 

31 37 01 +1 49 38 5® u 81 


2466 + 31 41 1 N Q — I 68 7 11 , 71 -i 


2469 + a 8 8 N 


3 91 N Q « I 6 s 7 40 14 58 


13 73 I 19 II 81 


II 51 14 -I 81 51 31 N 

*1 41 II -1 78 19 34 N 

34 13 *6 -I 78 30 48 N 


4» 6 93 -I 86 5 07 II 74 

4» 53 07 -1 93 ^1 14 11 80 ^ 

43 44 *8 -193 4*35 u «? 


m + 33« 8 


7 ‘9 3? 57 -1 « 3 * 7 « S 

37 4 8 ® -> 89 » 9» 8 

38 7 40 -I IS 9 5 * 8 

39 ii 14 -I 81 9 46 8 


738 45 *7 -1 78 43 5* »9 ‘1 8® 

461640 -167 1473 n 8a f 

- 0 

47 tl 96 -» 68 t; a 8 n 76 , " 

• S' I 

48 33 91 -» 68 at 33 n 77 




UiOlt. OBSHEVmOira OTTBAHSTOTOHB CLOCK, ATOOroilCnOIf 34I 


01 THB APPiEENT DIFIBEENCB OP WNOXTUDES, HJj-'p, 




MdJSZJff r OBSBEVATIONS OF TBANSITa WITH B CLOCK, AHH DBDHCTIOH 
OP THE APPABENT DIFFERENCE OP LONGITUDES, AL — p 


WALTAllt (E) Zat ir 43' Long 3^ 55- 26 AND BOLAKUM (W) Lot ir Bff, Long 14* IS 


Thivbits OnaiRYKD at E 
Sg liurrard wxlh Teleteopt 2io 1 


rBANSITB ObSEBYED AT W 
Bg Lenox CongHghatu mih Telesoope No 3 


Difference of 

9 

Corretled Iuue» ^ 
(W - E) 2 


i *»r.mienUl ^CBn Total S. “"’•'"'‘‘•‘M Mean 

^ FocUion , rt of ^ 1 0811 ion 


I B A 0 I) oil 2 FoiUion _ , 

Numb I mition j* and **’''^* 

a Correction -^*“0 

^ 0r)n8t«nl* 


Obierved Correc 
Iitno tion 


of 43 1 0811 ion 

Correct « and 
ed lime ^ Corroition 
( on»i» ts I 


+ ai48 

N 

I P W 

7 21 8 91 

-I 77 

7 ‘4 

4- 31 40 

N 

d 

0 + I I 

31 61 35 

I -i 77 

59 58 

4 a8 8 

N 

b - 7 7 

0 4 7 1 

*3 47 19 

-1 7fl 

45 6' 

4- 38 8 

N 

Q - 1 70 

*d 38 53 

-I 78 

36 75 


2<W4 +115^ S 

2480 taps 
+331 S 
2401 + 3 ^6 8 


7«9 39 /l -> 74 47 99 S 

i7 10 8? -1 74 9 09 S 

J8 «3 41 -1 74 »« 79 « i 

>9 ‘7 44 -1 74 15 70 S 


Mean Total 

Obierred Correc 
iimo tion 


Second* 

of By each 
Correct Star 
ed Time 


S) ^ 

^ % 

a ® 

Mean 0 


41 I a 96 -1 63 11 31 

4258 99 -I 6a 57 ^7 

43 SO la “I 6a 48 50 


7 38 SI 47 -1 69 49 ,8 19 II 79 

46 aa 61 -I 73 30 89 n 80 

47 *4 »4 -I 7a ^ 23 SI II 74 

48 39 20 -1 7a 27 48 1, 78 



n 23 2343 + 37 a W I P N 7 5 » /4 +1 45 *4 3® N / P Jf j 7 24 74 a6 + i 77 07 19 li 77 

2960 +2419 N 0 ^ 67411 +i S4 1565 N , + ,‘5,1 as 45 66 +176 4^4, ,,,7 

2410 +23 11 N 141185 +‘51 a7 38 N J + 33 33 4‘ +»/6 7517 ,,79 


2378 + 3,8 S 


7 9 ai 99 4- 1 49 *3 48 8 


7 >831 5M +> /6 IS »i 19 “ 79 


2409 + 18 8 M Q j JO 7 50 6i -i 84 48 ^7 N Q 1 84 7 43 a 39 -i 81 0 48 

2472 4- 28 8 N 34 41 69 - 1 84 79 84 N 4353 43 -1 81 51 6a 


2401 + 376 


7 3920 76 -I 93 i8 83 j 


7483346 -I «3 3064 191181 ** - 0 

8 ? I 


forPerel Equations 




AatroiioiDi«*l l>at« 


3USLX r OBSBRTATIONS OF mNSITS WITH W CtOOK, AND DROUCTldH 
OF THE APPARENT DIFFERENCE OF LONGITDDE 3 , AL + p 


WALTAIK (K) lAt ir Ims ^ \ 

Tbaitsits Objbb'hcb at B 
Bturmd with TaU/Kopt JVb t 


• AND BOLAKUM (W) lot ir 50', Ung ii* 15* 

TbAVSITB OBSBBTJiD AT W DlfffWnM of 

Corrected Tmiw 

Bp LtMjc C<i»^npkam, wiik TtUttopt Ao fl ( VlT — K) 


111 



- In 1 


1 



strunienttt] 

Mean 

Total 

K siruiiienlal { 

Mean 

Total 



Position 

and 

Obaervad 

c,^ 

^ PoBilion 1 

*C 1 

Obsirred 

Correo ® 

Correct 

By each 
Star 

of 

Com ( tion 
Constants 

lime 

ed Tiinn 

jj Correct ton 
"* Constant* j 

Qime 

Ltlnno 


Group 


BAG Decji 

Number ntdon 


i92| Am« <« h n t t t m i 

ul8 2657 + JS41 N 1 P W 7 JJ 4 99 o 5« 5 Oo N I P B , 54 »S 7^ +1 60 tj 11 19 il 71 

I 2714 + *' 54 N „ + f , 4a 5 »8 +1 «» 6 30 N 8 i 16 49 + 1 ^59 18 08 11 78 


8 I 16 49 + 1 ^9 


273* + 3a48 N ^ J J 4934/8 -051 34*7 N ^ Z H ] 444 5> 46*3 


2668 - 1 5 8 

2079 + 10 15 S 

2690 + n 26 S 

2^25 - 240 8 


7 3^ *MS I +3 99 *S 14 8 

37 59 48 +1 65 62 n s 

^9 42 96 I +2 21 45 19 8 

4f 4, 46! +4 18 51 64 S 


7 55 35 51 +» 58 17 n [9 II 77 

5/ 12 II M 59 M 90 »» 77 

58 55 47 +« ‘ig 5/ o<> *>18, 

8 3 I 91 +i 58 3 so II 86 



2786 +2734 N Q- I H 7541548 -110 la 18 N <3-165 8132560 -169 *1 9» >9 «« 51 

2709 +1841 V 575469 -186 52 83 N 17618-171 447 "64 

28J3 +2430 N 825729 -266 5461 N 22791 -1,0 621 1158 


7 59 S3 01 +0 85 53 86 S 


} 19 7 24 -I 7a 5 5a 19 n 66 *• . 


r»nl9 2657 +2541 N IPS 71540a +161 564 N IPS 7 54 *5 9® + » ®o *75® 19**9* 

2734 •**3a4« > ^ 45 3* 73 +‘®9 14 4* ^ 0+ A ® 4 44 77 + * S8 463s *'91 


+ *759 N 4®4* 34 +* 57 4* 9* » ^ 7 ,0 5* 5 « *0 +164 54 74 1 



7 36 23 96 + 1 4« 25 38 

18 0 71 -M 50 2 32 

43 SO *4 + * 40 |i 64 


7 55 35 5® 17 *9 *9 »» 9* 



ICorras forPei*! Eqo»tioB»; 





r oBSBBVAinoKs oi* mmm wm w clock, akb BBmrcKoir 

OF TUB APPAEENT DIFFBEENCB OF lONOITtJDES, AL-f 


WALTAIE (E) lot 17 ° Long SS* 8 S^t AMD BOLAEUM (W) IM 17 ° W, U*g i«* 


Tba>8itb Obsxbtkd at E 

Bg Burrard mth Teleieope Jio i 


TKAlfSlTB ObSEBTXD AX W 
Bg Zenog Co*yngham with TeUteope JTo 2 


Diflerenc« of 

o 

Corrected Timet j 

(W - K) 3 , 


BAO Decli 
Number nttion 


in 





In 

itrumeotal 

Mean 

Total 

Seoondt 

1 

itrumeDtal 

i Oiition 

Obterred 


of 

I 

Boeition 

Rnd 



Correct 


and 

Oorroction 

Tima 

tion 

od Tune 

5 

Oorroction 

Coneianta 





Coniitantt 


!<?<? ^ 

I Star ° I 8 * * 
Ghtoup J g tf pf 


1803 

LnlO 3760 


-fi8o M IPS 7484383-188 4*01 N IPS 875564-176 63 88 191187 

j. Ml. .. K d . . _ , . .. d 


278C +*7 34 N ^ ^ 

2790 +1841 N aljJa 


54 n 8 j -I 76 12 06 


*,56 «8 -I 79 54 39 N 


13 35 82 -I 80 34 02 

17 6 37 -1 77 4 50 

8 07 -I 79 6 38 


2778 +931 Si 

2762 + 9 13 8 

28U ^ 3*4 8 

2826 - 333 S 


7 51 *3 n -1 91 *1 *» 8 

50 34 40 - I 91 33 49 S 

59 35 69 - a 00 43 69 8 

8 0 59 55 -3 00 57 55 8 


i 1034 85 -1 73 33 13 19 n 91 

< 

II 36 os -1 71 34 34 11 8s 

19 7 34 -1 66 5 58 II 89 g ■ 

30 11 13 - 1 66 9 46 II 91 


I 7 35 4 « 3 + I 57 5 7* N 1 P 7 54 16 36 + 1 40 17 76 19 12 06 

0-39 +* N ^ ^ 8 5 53 50 +i 48 S 4 98 I3 03 


26C8 - I 5 8 

2079 +1015 8 

2000 4 13 26 8 

2726 - 340 S 


736*414 +145 *5 59 8 

38 0 66 + I 49 3 15 8 

39 41 74 +i SI 45 *5 8 

415031 +145 5« 76 8 


7 55 55 85 +i 65 37 56 19 II 91 

St 13 08 +1 56 14 34 12 09 

585581 41 S3 57 33 13 08 

8 3 3 06 41 67 3 73 11 97 


8769 4180 N g- I 68 748438, -181 4306 N Q - 1% 8 7 55 88 -183 54 06 191300 

^ 57 14 31 -I 8a 5369 N 17651 -183 468 1199 

2833 4 3430 N 8 356 3s -i 79 54 j6 „ 8 43 -i 88 6 55 11 99 


2778 +931 8 

2814 - 3 14 S 

2825 - 3 35 S 


7 S« *3 *5 -I 87 31 38 8 

59 55 7* -19* 53 80 8 

8 0 59 61 -r 93 57 69 8 


8 10 35 D3 -I 73 33 3* 19 II 9* 

*9 7 33 -I 63 4 70 II 90 

*0 n 13, -I 63 9 60 II 9] 


*9 ** 645 




TAJStB r OBSMVATION8 OF TKAKSITS WITH W CLOCK, AND DEDUCTION 34^ 

OF THE AFPAEENT DIFFERENCE OF LONOITUDES, AL + P 



It 19 II 698 19 »> 6*J »9 580 «9 » I aL * f 



SjLBIS 7 0 BSBEVATI 0 N 8 OF TEANSITS WITH W CLOCK; AND DEDUCTION 
OF THE APPAEBNT DIFFBEBNCB OF LONOITUDBS, AL + F 


WALTAIR (E) Lai ir 0, long 5^ 88» S6*t AJfD BOLABUM (W) Zai IT Sa, Long 6^ 14- itf* 


TuAysiTS OBBEaTKD AT B 
£g Surrard, TtUteoft Vo 1 


Tbakbttb Obbebte© at W 

Sv Ltnoa Congnghatn tetih Ttleteopo Vo 8 


Difference of ^ 
Cometod Tiinei • 
(W - E) 3 


BAG Dooli 
Numbor nation 
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Obserred Coirao 


^ in 

Total I. itnimental jj^an Total 

- of Poaition , r, 0^ 


<» and Comet • and 

I OomtLion Tima tion | Oomition Time 


Obaerred Correc 


Jan ,J2 2786 + 37 34 N J P F’ 7 j4 14 47 - 1 ;> 13 75 N / P JP 8 n 36 36 - j 63 34 64 19 ii 89 


27 a 9 U- 1841 N 



3 56 74 -I 73 5J 63 N J ~ J J 33 8 63 ~j 64 6 99 II 97 


’/ V ff 7 ® I *' *7 

59 is 99 -1 68 S 4 Si 


8 10 35 44 ~i 70 33 74 19 II 67 S; 

% * 

19 8 00 — I 74 6 36 II 99 z 

30 11 80 ■>! /4 10 06 II 87 8 S' 


28 2667 + Ij 41 N I JP V 7 35 4 99 + i 54 653 N / P i 7 54 16 65 + 1 76 18 41 19 1 


4* 5 56 +i , 


b 00 

« + 0 3 


I 17 36 + I 76 J 19 13 


2690 4 - 13 36 S 


7 36 34 74 +I 47 36 31 S 

38 I 51 +i 49 S 00 8 

39 44 68 + I 50 46 18 S 

43 oi 01 + 1 46 53 48 8 


7 55 36 36 + I 76 38 13 19 II 91 

57 13 18 +i 76 14 94 II 94 

58 56 33 + 1 76 58 09 II 91 

8 3 3 7a -f 1 76 4 48 13 00 


« t 

2786 +3734 N Q > I 70 7 54 14 84 -18s 1300 H Q •> 1 74 8 13 36 66 -i 71 3495 19 n 95 ^ 

27^9 +1841 N 57 55 34 -189 S3 45 ^ 17 7 16 -I 7a 544 11 99 ** « 

28d8 + 3430 N 8 357 13 -I 86 55 *7 N aa 8 99 —1 73 7 37 13 00 * S 


JJ 814 U 3,4 


7595649 -» 94 54 55 S 
8 060 35 -1 94 58 31 8 


I 7 * 6 43 19 II ] 


30 13 03 -I 73 10 33 


Cornu forPenl Squateoi 








AatroBomica! D»t« 


aCiJBUf t OBSERVATIONS OB TRANSITS WITH B CLOCK, AND BBDtrCHON 
OF THE APPARENT DIFFERENCE OP LONGITUDES, AL — /) 


34 ^ 



for Pei*l. Kqoatioi 





TAJBIJB r OBSBEVATIONS OF TBANSIT8 WITH E CLOCK, AND DEDUCTION 
OP THE APPAEBNT DIFFERENCE OF LONGITUDES, AL - p 


BOLAKUM (K) Lat ir S(y, Long 6^ lb AND BOMBAY (W) Xa# 18“ M Un$ 61^ SS' 


Tkiwbiis Obiihved i,T B 

I Stab 

q L»mx Cof^nghm mih Tilueopt No 3 

I 

§ Htruinental Second* 

I B A 0 Derli 5 Boeition m. .t n 
5 " * ObiCFTod vofpoc 


Tbanbitb Obsebvjsd at W 

Bg Burrofd mih Teletcope No 1 
^ In 

I itrumental jjean lotal 
^ Poettion Correc 


Dmorea«.e of 
I Corrected Tiinea 
(W- E) 


I Correction Time tion La lime 5 Correction Time tion ! j jl,,„ J 


2472 4- 38 8 

N 

IP W 

7 34 3 78 

2499 4- 30 34 

N 

d 

0-37 

305* 69 

2609 4- 34 so 

N 

b — a i 
a “59 7 

3* *1 8s 

2617 4- 3a 16 

N 

1 

3^ 6 s8 


55 5« 65 +» 03 S3 58 


2480 +998 

2487 + 3 8 


2520 -t S >9 8 


7 j6 36 84 -9 16 34 68 S 

*1 19 49 n 37 36 8 

a8 43 44 -a 13 41 31 S 

34 30 39 -a 09 a8 ai S 


7 49 ai 86 -t- 1 31 33 17 aa 48 49 

30 34 44 + 1 34 a, ,8 4843 !' 

SI *8 40 +1 34 »9 74 1 I * c 

» fi : 

571526 +138 1664 48431 


FebU 2410 taaii N IBW 7134460 +170 4630 N IPW 7363314 +173 3489 214859 

2410 +3658 \ c ^ *45361 +* 1* <»5 73 N ^ _ 0*7 '♦**''* 

2420 4-4053 N ^ ~ ‘ y .6^, 4.,-., a, v b-26 a.,,/ ...a .0 .. 

2440 +4751 N 


14 S3 6i +a 13 ^5 73 N 

16 43 60 + a 37 45 87 N 

17 S4 43 +i 85 56 37 V 


37 4 12 +2 13 44 25 
39 32 1 2 +3 2f 34 38 


40 42 82 +*i 87 44 69 48 43 


2898 4- 16 44 S 

2444 t 11 53 8 

2451 4- 9 39 S 

2463 4- 830 S 


7 n 57 5' +» SO* 59 09 8 

19 a 65 4-1 47 4 la S 

194933 4-141 5063 S 

ai 33 IS 4-139 *3 54 8 


7 3446 16 4-1 63 47 78 33 48 69 

41 SI 05 4-1 52 5* 57 48 45 

42 37 ^7 + * 47 39 04 48 41 

44 10 60 4-1 45 ** os 48 SI 


2472 4- a8 8 N Q - I 70 7 34 4 36 -I S4 a 83 N Q 4- i 75 7 46 49 34 4- 1 88 51 aa sa 48 40 

0 

2459 4-30 24 N 105334 -I 74 50 50 N S3 37 ao 4- 1 70 38 9® 48 40 ^ ? 

« 

2500 + 34 5® N 33 14 44 “• 14 Mi® N 54 59 54 4- a 07 61 61 48 51 g ]] 

2617 4-3116 N 33 715 -14a 5 73 N 55 S» *i 99 54 10 48 37 


*4»7 + 3 11 8 

8491 4- 336 8 

2526 4- 529 S 


7 a6 37 39 -a IS 35 24 8 

*/ 19 95 -* 1* 17 83 S 

38 43 9, -a 13 41 8s 8 

34 30 79 -a 08 38 ,1 8 


7 49 33 32 4-1 38 33 64 33 48 40 

30 34 93 4-1 35 a6 30 48 47 

SI 18 91 4-1 35 30 36 48 41 

57 *5 79 +» 39 *7*8 48 47 


Correction for Bate of 







TASLS r OBSMTATIOUa OS' mNSITS WITH B CLOCK, AND DBDUCTION 
OB THE ATPAEENT DOTERBNCB OP LONOITUBBS, Al — p 


m 


BOLABCM (E) lot ir aff Long fi* /#- u ! AND BOMBAY (W) Lot JS* Uh ^ 


Tbavsits Obsketad at E 
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Tbakbits OBSKBTKI) at W 
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Correct 
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and 
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- 81 Ti N I P JS 7 13 44 6o + 1 84 46 44 N / P 


2416 + 36 58 N 

2429 +4053 N 

2440 + 27 51 N 


<4 53 74 +a *5 55 99 N 

1643 70 +1 ^8 46 08 N 

17 54 48 +i 98 56 46 N 


I P W 

7 36 33 *9 

+ 1 73 

35 04 

88 48 60 

d 

0-07 

37 4* aa 

+ a 15 

44 37 

48 38 

b - » 3 
« -55 7 

i) 1i aa 

+ 1 39 

14 51 

48 41 

G + I 75 

46 4» 95 

+ 1 89 

,44 84 

48 18 


2393 ■*■1644 S 

2444 + n 51 S 

2461 +929 S 

2462 + 830 3 


7 II 57 55 +< 7 * 59 *6 8 

19 8 72 +1 61 4 33 8 

1949 JJ +1 56 50 ,8 8 

81 28 30 +1 54 23 74 s 


7 34 46 oS ^ I fil 4 ? 7 < a* 48 45 

41 51 14 +1 32 3a 66 * 4 * 31 ^ ' 

4 * 3 75 + 1 4 / 19 »* 4 » 44 I ^ 

44 10 70 + 1 43 ta IS 48 4 < 


bl8 2429 +4033 N IPS 7 16 43 86 ■(■ 2 34 4620 N / P A 7 39 35 86 -1 26 3460 224840 ^ 

2440 +2751 N c + o Q '7 54 63 1 95 56 57 N . _ 1 4046 59 -I 66 44 91 48 36 ^ 


%\ Z i 

M O < 

n 1 '< 


2444 11 53 S 


7 19 8 8i + I 59 4 40 


741 54 88 -8 04 53 84 18 4« 44 


2473 

4- 3g 8 

N 

0 

t 

7 »4 4 S4 

-I 44 

1 10 

N 

Q-i 75 

7 46 53 08 

-I 63 
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aa 48 33 

2499 

10 84 

-N 


30 5* 45 

-1 63 

SO 81 

N 


S3 4< 01 

-1 8s 

19 '6 

48 34 

2609 
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N 


3a 14 69 
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•3 41 

N 
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-I 45 

I /4 

48 31 

2517 

+ 38 16 

N 


33 7 18 

-I 33 

6 05 

N 


55 55 93 

-*i 54 

54 39 

48 34 




TJMm T OBSERVATIONS OP TRANSITS WITH B CLOCK, AND DBDDOTIOK 
OP THE APPARENT DIFFERENCE OF LONGITUDES, AL — p 


BOLARUM (E) Lat ir 3(f, long 6^ i4* W AND BOMBAY (W) Lai lSf> B4, Limg 4* tfl- U 


Tbanbits Obsebykd at E 

JBy Lenox Conj/nghata, «ith TeUteoft 2fo S 


BAC D«.li 
Number iiatiun ■■ 


In 





In 

itruuiontal 

Mean 

Total 

Second* 

1 

struinental 

Poiition 

Obterved 


of 

7 

■< 

Petition 

and 



Correct 


and 

Corretlion 

linio 

tion 

ed lime 

5 

Correclion 

ConttanlR 




CO 

Contianlt 


TEANBITfl ObSKBTED AT W 
By Surrard mth Teletcope Jfo 1 


Obserred Conroe 


Difference of 
Corrected Time* 
(W-E) 


l.l' 


I 2480 + » 0 S j 

2487 + 3 H S p 

2401 t n6 8 J) 


IPS 7 a6 S7 S8 -a 00 ^51 


S p ^ 0 3740 31 -1 98 38 23 S „ _ , , 

® « -S3 8 *84414 -198 4316 8 I* Ijg J 

+ S 29 S • 14 30 98 - 1 94 39 04 8 t 

Q - i 70 « - I 75 


IPS 7 49 16 16 -3 34 31 93 33 48 14 


50 38 78 -3 30 6 s8 

51 33 73 -2 30 30 

57 19 61 -a j6 i, 45 


Feb 14 2410 4 33 n N IPW 7114518 +159 4677 N TPS 7167367 +170 7577 234860 

2416 + 7658 S ^ ^ 1454 78 +1 97 56 75 N 0 _ 3742 56 +2 14 44 ,0 48 35 ^3 

2420 44057 N 164472 +2 09 4641 N alcos 39 ^8 +*»« 34 86 4845 

2440 4 37S» N r i7S5i' +172 5^ 83 N « 40 47 35 +*85 4530 4877 

<3 + 1 48 + I i4 


4 1644 8 

+ 1157 S 
4 9 19 S 
^ 830 8 


7 11 58 18 4 1 47 59 65 

29 3 71 +1 38 4 69 

1949 83 4 1 73 51 IS 

31 33 83 41 31 34 13 


7 34 46 49 + f 57 48 06 33 48 41 

41 5« 59 +* 45 S3 04 48 3S ^ " 

« 

43 38 19 + I 41 79 60 48 45 g ; 

44 It 18 41 39 13 57 48 44 


2472 4 j 8 8 N Q - 1 48 7 34 4 63 -i 37 3 40 N Q 4 i 74 7 46 49 91 4 t 86 51 77 33 48 37 

2409 4 30 24 N 305249 -141 5108 N S7 3< 84 4i 66 79 5® 4843 

2609 47450 N 721467 -106 1361 N 55 0 05 43 06 211 4850 

2617 43316 N 73 74, -113 639 N 355272 4198 5470 4841 


2480 4398 

2487 4 331 S 

2401 4 336 S 

2526 4 5 39 S 


7363758 -177 3581 8 

174014 -174 3840 S 

184414 -174 4340 S 

7431 03 -I 71 39 33 S 


7 49 33 01 41 35 34 36 31 48 45 

a 

5035 56 41 38 36 84 48 44 

0 

51 39 so 41 38 30 78 48 38 j i 

J7 39 +* 33 *7 7* 48 4o 


Cormc tor . 








TASLS r 0B8BET1T10NS OB TEANSITS WITH W CLOCK, ATO OBDITOTIOlSr 


OF THE APPARENT DIPJPEBENCE OP LONGITIJDES, AL + p 



BOLAETJM (E) Lot irso' Long 6^ !<• 15 

AND BOMBAY (W) lot 18* «' Xoi^ d* 51* 25* 








Than SITS Obserticd at E 


Tbanbits Obskbtxi) at W 

Diffarenoe of 

*8 

1-. 


1 

»TAB 











Oerractod Timea 


1 'S 'fi 





Bjf Z«MX Con}fn0kam wUh TtUteopt No 2 


By Mwrrard vUh Teltocofo No 1 

(W-E) 

1 



•a 














. ^ 4 


I 




In 





In 






S « « 

+ 

I 

1 

BAG 

Number 

Dacli 

nation 

i 

•tramental 

Foiition 

and 

Mean 

Obserred 

Total 

Correo 

Beoonde 

of 

Correct 

1 

•tnimantal 

Pofition 

and 

Ifeaa 

Obaarred 

ToUl 

Corrao 

Seeonda 

of 

Correct 

Byoaoh 

Kean 

of 

ti 

i ' ' 






Correction 

Tune 

tion 


1 

Correction 

Tuna 

tion 

ed X1D10 


Group 

«3 







Conitants 





ConeUnta 






<3 


1892 





h n » 

« 

t 



A M f 

* 

f 

m « 





Feb 9 

2714 

+ 54 

N 

IPS 

! 38 «S *4 

+ 1 70 

>6 94 

N 

IPS 

8 I 7 39 

-I 87 

5 56 

33 48 63 






2734 

+ 3248 

N 

d 

c + 09 

4» 43 87 

+ i 16 

45 03 

N 

d 

e — I 1 

4 35 J3 

65 

33 58 

48 55 

aa 

" » 



1 


2744 

+ 17 59 

N 

b + 61 

a +107 s 

4* 5* 

+ i 87 

33 47 

N 

b - 4 4 
ft -54 a 

5 43 99 

-1 91 

43 08 

48 61 

* s 

1 

+ 

% 


2759 

■f 18 0 

N 

t 

44 SO 8* 

+ 1 87 

5* H 

N 

t 

7 43 '3 

-1 91 

,41 33 

48 53 









Q + I 73 





Q-i 76 










2690 

+ 13 *6 

S 


7 35 SI 

+ a 06 

35 87 

S 


7 58 48 47 

-a 01 

44 48 

33 48 59 






2726 

— a 40 

S 


39 59 58 

+ a /I 

63 39 

s 


8 a 53 la 

-{ 31 

lio 9» 

48 61 

$ 


1 

* 


2778 

+ 931 

s 


47 29 68 

+ a 33 

31 9‘ 

s 


10 33 56 

“3 08 

30 4^ 

0 48 37 

1 s 

0 

1 

0 

+ 

% 

n 


2783 

+ 913 

s 


48 30 96 

4-3 34 

33 *0 

3 


II 33 78 

-a 09 

31 69 

48 49 






2788 

+ *7 34 

N 

< 

Q- I 7^ 

7 50 a4 86 

-3 03 

33 83 

N 

Q- 1*^6 

8 13 13 99 

-1 69 

It 30 

33 48 47 






2793 

+ 43 3* 

N 


51 ** 4' 

~* 99 

19 43 

N 


15 9 33 

-1 31 

8 01 

48 59 


J 


£ 









N 







0 

0 

% 


2883 

+ 34 30 

N 


59 7 »o 

-1 88 

5 ** 


»> 55 56 

-I 77 

S3 79 

48 57 

8 S 

1 

+ 

N 


2860 

+ 3417 

N 


8 1 61 86 

-I 88 

59 98 

N 

i 


*450 30 

-1 77 

48 S3 

48 SS 






2799 

•f 1841 

S I 


e 

7 54 4 98 

-I 63 

3 34 

S 


8 16 43 73 

-1 90 

51 83 

33 48 48 






2814 

- 3*4 

i 

s 


56 5 ‘6 

-0 71 

4 44 

S 


«8 SS 33 

-» 33 

53 00 

48 56 


0* 

i 

1 


2825 

-333! 

s 


57 9 07 

-0 73 

8 35 

s 


*9 5*9 »9 

-3 34 

56 8s 

48 SO 

8 " 

0 

1 

0 

+ 

% 


2867 

+ 10 36 

s 

1 

i 


8 3 4» oj 

-I 17 

39 78 

8 


36 30 30 

-3 07 

38 23 

48 45 





Feb 10 

j 

3714 

+ *i 54 

N 

I P W 

7 38 18 47 

4-1 69 

10 16 

N 

IPS 

8 1 10 59 

-I 71 

8 88 

23 48 /I 






2784 

+ 3*48 

N 

d 

c - a 7 
b - a 1 
« - 59 7 i 

41 46 *5 

4>3 00 

48 35 

N 

d 

438 33 

-I 4« 

36 93 

48 67 

1 

f 

i 

3v 


2744 

+ *7 59 

N 

4* SS 08 

4* i 5o 

56 68 

b 

b — 11 

a - 59 a 

5 47 *3 

-1 81 

45 4* 

4« 74 

8 S 

0 

1 

0 

+ 

% 


2759 

■f 18 0 

N 

t 

44 54 *6 

4-1 60 

35 86 

N 

t 

748 33 

-1 81 

44 5* 

48 66 









<3+ I 701 





< 2 - 1 73 










2725 

- »40 

"8 


7 40 4 37 

4-1 14 

5 5* 

S 


8 a 56 48 

-a 36 

54 »* 

aa 48 71 

8 

? 

'i 



2778 I 

+ 931 

8 


4/ 33 76 

4- 1 40 

35 18 

S 


10 35 84 

-I 99 

*3 85 

48 69 


0 

0 

% 


2782 

+ 9 la 

8 


4« 34 99 

4-1 39 

36 38 



ti 37 02 

-1 99 

*5 o? 

48 6s 

IS 

1 

+ 

S 





TASIJS r OBSERVATIONS OF TBANSITS WITH W CI-OCK, AND DBDUCnON 
OF THB APPABBNT DIFPBBENCB OP LONGITUDES, AL + /) 


BOLAEUM (E) Lat ir a(/ Lmg 14^ 16 , AND BOMBAY (W) Lot 18> lon^f 4^ W“ 3 S* 


Stab 

BAO 

Number 

Decli 

nstion 

0 278G 

+ a? U 

2798 

+ 4^ la 

2883 

+ a 4 10 

2850 

+ »4a7 

2799 

-f 1841 

2814 

“3*4 

2826 

“ m 

2807 

4 10 16 

2784 

+ 13 48 

2744 

+ »7i9 

2COO 

+ 1 1 a6 

2726 

-840 

2778 

4 911 

2782 

4 9 u 

8786 

4 a 7 H 

2793 

4 41 u 

2833 

4 84 30 

2860 

4 24 a; 

2.99 

4 1841 

8814 

“ 1*4 

8807 

4 10)6 


TBAirsiTfl Obuebtkd at E 

Sy Lenox Conynyham TeUeeopt JPo 9 


Tbansitb Obbebted atW 
£y Surrard wxth Teleteope JTo 1 


Difference of 
Corrected Tunes 
(W- E) 


In 

itnimentftl 
1 osition 
and 

Correction 

Constants 

Moan 

Observed 

Tune 

Total 

Corree 

tion 

Seconds 

of 

Correct 
ed Tinae 

1 

< 

1 

In 

strumento) 

Position 

and 

Correction 

Constants 


Am ( 

t 

t 



1 1 W 

7 60 *7 69 

“1 50 

30 03 

N 

IPS 

d 

0-27 

6* ai 65 

-I 01 

aa 6a 

N 

d 

b — a 1 
« ~69 7 

S 9 03 

% 

-I 64 

8 39 

N 

b - 1 I 
» -69 2 

f 

8 3,4 88 

-1 64 

3 34 

N 

t 

Q - I 70 





1 73 


7 64 8 30 

-I 78 

0 6* 

8 



*Si 9 88' 

-a a8 

7 60 

B 


« 

67 n 80 

-a a8 

u 8a 

8 



8 3 44 93 

-I 98 

4a 96 

8 


1 P W 

7 4 » 49 J? 

4 1 99 

S« 10 

N 

1 P 7 t 

d 

0-37 

43 58 01 

4 1 6l 

59 0 a 

N 

d 

0 — 07 

b - 1 9 





b — a 6 

» -69 0 





" -54 4 

Q 4 I 70 





Q “ I 75 


7 30 0 s8 

41 81 , 

a 09 

8 



40 7 aq 

41 JS 

8 44 

B 



47 30 6» 

4 1 41 

18 oa 

8 



48 37 9 * 

4 1 41 

19 la 

B 


t 

<? - t 70 

75030 48 

-J 16 

a8 9a 

N 

Q “ 1 75 


Sa a6 la 

-I 01 

ai 49 

N 



59 «a 96 

-I 64 

II 3 * 

\ 



8 a 7 78 

-1 64 

6 14 

N 



7 54 11 ai 

-1 77 

9 44 

8 



56 ta 8a 

-t a? 

to 16 

8 



8 a 47 83 

-1 97 

46 86 

8 



Moan 

Observed 

Tune 

Total 

Correo 

tlOQ 

Seconds 

of 

Correct 
ed Time 

By each 
Star 

A M t 

8 13 16 36 

$ 

-I 57 

» 

14 69 

ffl t 

aa 48 66 

16 12 11 

-I 01 

M a8 

48 66 

ai 58 61 

-1 65 

56 98 

48 £9 

34 S 3 46 

-I 65 

51 81 

48 57 

8 16 56 92 

-I 80 

55 la 

aa 48 60 

‘8 S« So 

-a a? 

50 aS 

48 68 

30 a 44 

-2 a8 

0 16 

48 64 

30 33 50 

-1 98 

31 sa 

48 57 

8 441 43 

-1 49 

19 94 

aa 48 78 

6 50 15 

-I 8s 

48 30 

48 68 

7 58 5a 05 

“1 95 

50 <0 

23 48 61 

8 a 59 37 

-a 27 

57 10 

48 66 

10 28 ,g 

-a 01 

36 ,6 

48 74 

It 89 99 

-a 04 

*1 95 

48 63 

8 13 19 17 

-I 62 

17 05 

aa 48 71 

•5 15 31 

-1 14 

14 17 

48 68 

aa » /S 

-a 70 

0 05 

48 .1 

34 50 48 

-1 70 

54 78 

48 04 

8 10 59 90 

~i 84 

S8 06 

31 48 62 

18 6i 51 

-1 a8 

69 *1 

48 68 

36 36 46 

— s 01 

34 4 ! 

48 59 


Mean o 

•5 ^ 


Oorhs forPenl EqtnfeioiM 




AatoonomicBl D«te 


VAUZS V OBSBRVATIONS OP TJUNSITS WTTH W CLOCK* AN0 DBBtJCTIOlf 33S 

OP THB APPARENT WPFBRBNCB OF LONGITU0BS* AL + f> 










354 r OBSBBVATIONS OF TBAS8IT8 WM W CLOCK, AND DBOTTOHOir 


OF THE APPABENT DIFFBEBNCE OP LOKOITCOBS, Ali -f /> 





BOLAEUM (E) Lot If 3<y Long 5* i4» 15>t AND BOMBAY (W) Lai iST Long 4" 31- 

25* 





1 - 



Tbaktsits Obskbtkd at £ 


TbAKEITS 018J®TED at »W 

Difference of 

•s 

1 



BTiB 













Hi 


Q 



1 Bv Lenox Conyngham, wtik JTWawojM Jfo 2 


Pg Pnrrard with Ttlempe Pto 1 

(W- 

E) 

1 

1^.0 



1 


in 





In 





T" 

S J 

it* 

+ 

! 

< 

BAG 

Nuinbor 

Deoh 

nation 

1 

itrum»nt&l 

PotJtion 

ond 

]{«kn 

Oboerred 

Total 

Come 

Sooond* 

of 

Correct 

1 

< 

•truniontai 

Poaition 

and 

Mean 

Obeerred 

Total 

Correc 

Seconds 

of 

B7 eich 
Btar 

Mean 

of 

d ® 

V 

ly^ 

m 1 i 

hi 

< 




1 

Oorrectwn 

OonafHhta 

TJiae 

tlOQ 

ed IWe 

1 

Correction 

ConetMite 

Time 

tion 

ed Time 

Group 


fo'c? 

0 


1892 





4 fli « 

1 

t 



h m e 

( 

1 

m 4 





Feb 13 

278G 

+ >7 14 

N 

IPS 

7 60 33 80 

-I 46 

34 14 

N 

IPS 

8 13 at 10 

41 84 

aa 94 

33 48 60 






2793 

+ 43 31 

N 

d 

e + 0 9 

8* 1‘ 94 

-0 96 

30 98 

N 

d 

0 - 1 I 

IS *7 *0 

+ * 35 

»9 85 

48 57 


1 

n 

>p 



2833 

+ *430 

N 

b - 0 1 
a -5a 8 

89 >8 11 

-> 53 

16 78 

N 

b - 4 a 
a -58 I 

aa 3 48 

41 76 

S 24 

48 46 

00 

0 

0 



2850 

+ *4*7 

N 

^ - t 70 

8 a ij 10 

81 

“ 87 

N 

» 

^ + > 78 

*4 58 37 

4 1 76 

60 13 

48 56 


1 

+ 



2799 

+ 1841 

8 


7 84 »6 47 

-I 66 

14 81 

S 


817 I 86 

41 61 

3 47 

aa 48 66 






28H 

-314 

S 


8^ 18 fo 

-a II 

»1 99 

8 


19 1 45 

+ 1 15 

4 60 

48 61 






2825 

“ 3 11 

6 

, ' 

87 *> 98 

-a II 

19 87 

S 


30 7 a8 

+ I 14 

8 4a 

48 55 


0 

0 

% 


2867 

+ 10 aO 

S 


8 3 53 0; 

-I 84 

5« a3 

S 


*6 38 45 

+ « 43 

39 88 

48 6s 


1 

+ 


r«b]4 

87U 

+ 11 S4 

N 

T P W 

7 18 19 39 

+ i 81 

10 9a 

N 

IPS 

8 I ai 34 

-1 ,8 

'9 S6 

aa 48 64 






8734 

+ 1*48 

N 

d 

0-87 

4 ' 57 15 

+ r 79 

59 04 

N 

d 

0 - 1 I 

4 49 n 

-I 48 

47 65 

48 61 

» 

so 

os 

0 


» 


2741 

+ ‘7 59 

N 

! + 09 
a - 50 9 

43 6 oa 

+ i 4j 

7 47 

> 

b - 1 8 

0 -60 j 

5 58 04 

-I 88 

5ft >6 

48 69 

% 
e M 

0 

0 

% 


2769 

+ 18 0 

N 

<3 + 1 48 

48 5 «8 

+ » 45 

-6 63 

N 

Q-1'74 

7 57 >6 

88 

SS *8 

48 65 

* « 



e* 


2000 

+ M aft 

S 


738 8 47 

+ ' 1®, 

9 83 

a 


7 58 60 48 

-1 99 

58 49 

aa 48 6ft 






2728 

- a40 

8 


40 M a; 

■*■ I 01 

16 ia 

8 


8 3 7 aft 

-a 34 

4 9* 

48 60 

ffj 

It'® 


i 

00 


8778 

+ 91' 

B 


47 44 60 

+ i a8 

45 88 

8 


10 36 ss 

-a 07 

14 48 

48 60 

% 

0 

0 

00 


2788 

•f 9 ta 

8 


48 48 84 

+ i a? 

47 •« 

8 


ii 37 86 

-a 08 

IS 78 

48 67 


1 

4 



2^80 

+ »< 34 

N 

Q - 1*48 

7 50 18 07 

-1 11 

36 76 

N 

Q - 1 74 

8 13 37 03 

-I 61 

as 19 

aa 48 63 






2793 

+ 433* 

: N 


51 14 ao 

-0 84 

13 36 

N 


»5 13 >3 

-I 10 

aa 01 

48 67 

J 

00 

? 

« 

0^ 

V, 

00 


2833 

+ a4 10 

N 


19 ao 48 

-i 18 

19 10 

N 


aa 9 43 

-I 7» 

7 7» 

48 fta 

% 

0 

0 

% 


2850 

t a4i, 

' N 


8 a Ij a8 

-I 38 

»t 90 

N 


*5 4 ai 

-i 7t 

a ji 

48 fta 

8 S 

1 

+ 

5 


2709 

4 1841 

S 


t 84 »8 71 

1 49 

17 aa 

S 


8 17 7 *1 

-i 87 

5 96 

at 48 74 






2814 

-314 

8 


j6 ao 10 

-1 91 

18 37 

8 


»9 9 36 

-1 38 

7 01 

48 64 


I 

i 



2826 

-311 

8 


87 *4 >4 

-I 93 

aa ai 

8 


ae 13 34 

-a 36 

to 88 

48 67 

% 

0 

0 

00 

’O 


i 2867 

+ 1016 

8 


S 3 IS 33 

1 -1 66 

81 67 

6 


*644 31 

-* 07 

4 * *4 

4 « 57 

8 S 

1 

+ 

N 

« 




TABIM r OBSBBTATIONS OF TRANSITS WITH B OLOOK, AK0 DRDXrCJTION 




OF THB APPARENT DIFPBEENCB OF LONOIT0DB8, AL - 


FYZABAO (E) lot 3ff> 47* Long 3 " as« 48*j AND DEUBA DON (W) IM dOP 1^, lotig ep 19*^ JS* 






Teansits Obwbtkd at E 


Tbansits Obssbtbb at W 

Diffaranoe of 

■s 

1 8 . a 


STAB 











Corraetod Tunes 

B 


0 



By ZzHOs Cozymffhem with Teleteapt No 9 


By Sitrrard wiM Talaaoopa So 

i 

(W- 

K) 


[F ^ ® 














1 M 

” 4 + 

1 




lu 





lu 






1 1 « 

1 

BAG 

Number 

Dech 

n&tion 


Btruinental 


Total 

Seconds 

1 

strumental 


ToUl 

Seconds 


Mean 


1 

< 

Position 

and 

Observed 

Corroc 

ot 

43 

PosAion 

and 

Obiorved 

Correo 

of 

Bj each 

ot 


ii 

i • ' 





Correction 

Time 

tion 

ed Time 

1 

Correction 

Time 

tion 



Group 







ConstanU 



3S 

Constanta 







6 

1892 





h m a 

t 

a 



h m a 

a 

a 





Uu-15 

3625 

+ 3653 

N 

IPS 

10 39 54 38 

43 31 

56 49 

N 

I P W 

<046 M 34 

4 1 50 

16 84 

i6 30 15 



g. 

e 

+ 


3633 

3641 

+ 3438 

+ 3818 

M 

N 

d 

0 + 19 

b + ,6 

0-105 7 

3> *9 47 

1* 4> /I 

4» 08 

4 3 30 

3> 55 

44 03 

N 

N 

d 

C 4 0 9 
b 4 0 3 

‘t -*9 3 

47 SO 16 

49 3 83 

4 1 47 

4 1 53 

S« 83 

4 14 

10 a8 

30 31 

\ 

"8 

g'S 

1 

0 

1 


3661 

+ 32 16 

N 

« 

35 S3 '3 

4 1 94 

55 07 

N 

f 

S» »3 9» 

+ « 45 

»s 36 

30 19 








Q + 1 48 





0 

+ 

0 









3660 

+ 185 

S 


'0 H 7 39 

+ * 73 

9 13 

8 


10 50 37 90 

4 1 41 

39 11 

16 30 19 





8671 

+ *3 43 

S 


17 *7 80 

+ » S3 

>9 33 

8 


51 38 *5 

4 1137 

19 V 

30 J9 

*2 

1 

8l 

a 













** 0 

0' 

e 


3684 

+ 33 

8 


19 *» 38 

+ 0 69 

33 07 

® 


55 41 01 

4 1 11 

43 33* 

20 16 

a 

6'2 

I 

+ 


3693 

+ 1446 

8 


40 *7 S‘ 

4 1 14 

38 65 

S 


56 47 54 

fl 30 

48 84 

30 19 





3728 

+ 3448 

N 

1*48 

10 47 4 09 

-0 87 

1 33 

N 

a 

Q 4 1 40 

It 3 33 n 

4 1 47 

»1 58 

16 30 16 





8741 

+ 14 5 

N 


49 11 *9 

-0 91 

13 38 

N 


5 5* »o 

4 I 46 

5* 66 

30 38 

5^ 

1 















30 38 

" 8 

0 

0 


3767 

+ 41 0 

N 


13 ” 

-0 49 

13 14 

N 


9 10 97 

+ 1 55 

13 53 

6'2 

1 

4 


8765 

+ 39 48 

N 


54 14 9' 

“0 58 

14 33 

N 


1053 10 

+ 1 51 

54 63 

30 10 





3708 

+ II 7 

S 


1043 *1 3* 

-.97 

31 14 

8 


105941 71 

11 I 37 58 

-0 13* 

41 59 

38 81 

16 30 35 

1 


0^ 


3720 

+ 4 10 

8 


45 *0 86 

-3 14 

8 63 

8 


4 1 33 

20 19 


0 

" 














** 8 

0 

0 


8732 

- *33 

8 


48 3 59 

-3 44 

0 «s 

8 


4 19 *5 

4 1 19 

30 44 

30 39 

S'S 

1 

4 


3761 

+ 36 5 

S 


SO 30 84 

-I 3* 

39 53 

S 


6 48 44 

+ > 39 

49 83 

, 30 31 




Uarie 

3625 

+ 3653 

N 

I P W 

10 39 55 64 

41 64 

51 *8 

N 

I P W 

10 46 16 04 

t 1 57 

17 61 

16 30 33 





3633 

+ 3438 

N 

d 

c - 5 5 

1* 30 7> 

+ t 57 

11 38 

N 

d 

0 4 3 9 

47 5> 04 

41 51 

5* 57 

30 39 

S 

•• 0 

1 2 

0 

1 ^ 


3641 

+ *38*8 

N 

b 4 I 8 

O -63 3 

3* 41 07 

41 69 

44 /6 

N 

b — 0 1 
a —37 I 

49 3 48 

+ 1 59 

5 07 

30 11 

8 

8'S 

1 

4 


8661 

+ 33 16 

N 

• 

35 54 *5 

41 SO 

55 75 

N 

$ j 

51 14 66 

4 I 50 

>6 16 

30 41 





[ 


Q + I 44 





^ 4 I 40 









8660 

4- 38 5 

B 


i 

10 34 8 47 

41 19 

9 86 

8 i 


10 50 38 69 

41 44 

30 13 

16 20 37 





8671 

+ »345 



37 *8 7» 

41 37 

19 99 

8 


53 38 88 

4 I 19 

40 17 

30 38 


0 

0 

8 . 















* 8 

0 

0 


8684 

+ 33 

8 


39 31 80 

40 80 

33 60 

a 


55 4* 77 

4 1 18 

4* 95 

»o as 

it 

1 

4 


8683 

+ *448 

S 


4038 39 

41 0| 

39 34 

8 


56 48 37 

41 30 

49 57 

»o 13 





* Otiriag to th« UTO|!;alw rata of tito CSuronograph tha Pan B^vation bad to ba appliad graphicall/ on tha record batora tita itar aignala ware read off, and eon 
MIQaiitij tt thia caae Q « o oo. 


oiS o* 91 o« 9* *6S oz 91 ttS o* 91 Sbf oe 91 £»S o« 9^ 




WABJM 7 omsmmoM of •mimn with b clock, ahd dbductioh 


OP THB APPAEENT BIPPBBBNCB OP LONOITTTDBS, AL - f) 


PYZABAD (K) lai S(r 4r, iMtg 98^ 4», ASD DEHBA DCN (W) Ut SCP 19' Long 19* 29^ 


1 

'3 

STikB 

TilAJfSlTB Obibeyid at E 

Sg Ltno* Congtigham TtUooope No 9 

Teakbits ObBICBTJO) AT‘'W 

By Barriifd, vnth Telucofe No 1 

Difference of 
Corrected Tun ea 
~E) 

*S 

ht 

I** 

|c 0 
« + + 

a. 

5 




lu 





In 






a J 


1 

I 



1. 

strumenUl 

Mean 

Total 

Seconda 

1 

•tmmental 

Mean 

Total 

Seconds 


Mean 




1 

B AO 

Deoil 


Poaition 



of 


PoaiboD 



of 

Bj each 


1 

^ n PQ 



Number 

OAtion 


and 



Correct 


and 



Correct 

Star 


ft 

3 L ' 





1 

Correction 

Time 

bon 

ed Time 

H 

Correction 

Time 

bon 

cd Time 


Group 

6 







Conetanta 




(O 

CoBitanta 







a 


1892 





k n t 

e 

a 



6 m $ 

a 

1 

m $ 





Uuie 

3728 

+ H48 

N 

IP W 

>0 47 3 30 

-1 30 

4 00 

N 

I P W 

11 3 aa 79 

+ 1 54 

*4 13 

16 ao 33 



















•C 

0 

0 



8741 

+ 34 S 

N 

0 - S 5 

49 34 S« 

-* 33 

33 19 

N 

0 + 39 

S 5» 9/ 

+ 1 S3 

S3 SO 

ao 31 

* 0 

0 




8767 

4- 41 0 

N 

b ■<- I 8 
a -61 a 

83 14 09 

-I 10 

la 99 

N 

b - 0 I 

0 ~a7 1 

9 1« 

+ 1 64 

33 *3 

10 36 


1 

+ 

s 

to 


8766 

+ 3948 

N 

t 

8^36 ai 

“I 15 

38 07 

N 

$ 

10 SI 8j 

+ i 61 

33 43 

ao 36 









Q - * 44 





Q + I 40 










3708 

+ It 7 

8 


1043 at 97 

-I 93 

aa 05 

8 


10 59 41 00 

+ 1 37 

4* a? 

i5 20 aa 






8720 

4 10 

8 


43 I' 4* 

-a 06 

9 iS 

S 


11 1 38 38 

+ i ao 

*9 38 

30 aa 


0 

0 

0 

1 















*’ 0 

0 

0 

0 


8738 

“ *33 

a 

« 

48 3 09 

-a 18 

0 91 

S 


419 98 

+ i 14 

at 13 

ao ai 


1 

+ 

« 


8T61 

+ *63 

8 


3031 11 

-1 86 

30 ai 

s 


649 *3 

+ i 43 

50 55 

ao 34 





Uwl7 

8626 

+ 3«53 

N 

I P W 

10 19 i;6 ja 

+ 1 64 

38 17 

N 

IPS 

1046 17 a6 

+ i 44 

18 70 

16 20 SI 





















0 ! 

c 


8688 

1438 

N 

® ~ 3 3 

3« 3« 38 

+ 1 38 

33 *6 

N 

0 -i 0 i; 

47 Sa a9 

+ 1 43 

53 7* 

30 t,(i 


0 

« 

00 


8641 

+ 38 a8 

N 

b 4- I a 
a -66 1 

3a 43 97 

■*■1 70 

45 67 

IT 

b + 0 a 
a - 8 0 

49 4 80 

+ 1 44 

6 24 

ao 57 

0 

S'® 

0 

1 

0 

+ 

0 


8601 

+ 3a 16 

N 

* 

33 35 at 

+ 1 50 

'iff 7* 

N 

f 

5* «5 84 

+ 1 4a 

17 a6 

ao 35 









+ t 45 





Q + * 39 










8660 

+ 18 3 

S 


10 34 9 ^6 

+ « 3^ 

10 74 

S 


10 50 39 84 

+ 1 40 

It 34 

16 ao 50 



















oo 


0 

IT 


3671 

+ »14S 

s 


37 »9 70 

+ i a6 

ao q6 

S 


S3 40 0^ 

4-1 38 

41 41 

ao 4, 


0 

















** 0 

0 

0 

0 


8684 

+ 33 

8 


39 aa 9a 

+ 0 73 

at 67 

s 


55 4a 80 

+ t 3a 

44 la 

20 43 

«'£ 

1 

+ 

0 


8688 

+ *448 

8 


40 39 a8 

+ 1 03 

10 3* 

8 


56 49 39 

+ 1 33 

SO 74 

20 43 






8788 

+ 3448 

N 

« 

<2 - 1 44 

1047 6 ai 

-1 3a 

4 89 

N 

t 

Q + » 19 

II 3 >4 03 

+ l 43 

as 45 

t6 30 56 


] 




8741 

+ 34 3 

N 


49 13 43 

34 

14 >• 

N 


5 S3 i<> 

+ t 43 

34 3* 

ao 47 


"S I 
0 

0 



8767 

+ 41 0 

N 


31 »4 83 

-I to 

*3 75 

N 


9 31 87 

+ 1 45 

14 3» 

10 57 

oz 9 

0 

1 

0 

4- 

s 

VO 


8766 

+ 3948 

IT 


54 37 

-« *3 

36 01 

N 


10 55 09 

+ 1 43 

s6 34 

ao S3 






8708 

+ 11 7 

B 


10 43 a4 96 

-1 96 

33 00 

8 


10 59 4a 09 

+ 1 34 

43 43 

16 ao 4^ 





















0 



8720 

+ 4>o 

8 


48 >a 41 

-a »3 

10 38 

S 


n 1 39 37 

♦ 1 3a 

30 69 

10 41 


0 

«* 

8. 


8732 

“ *33 

8 


4« 408 

-a as 

1 81 

S 


4 at 00 

+ l 31 

«a 31 

ao 48 

*'2 

0 

1 

0 

+ 

8 


8761 

+ a6 j 

8 


50 3> 76 

-1 58 

31 18 

8 


650 as 

+ » 39 

8* 64 

ao 46 








TdBLJB r OBSBBYATIONS OP TRANam WITH B CLOCK, AND DBDCCTIOiT $Sf 


OP THB APPABENT DIFiEUENCB OF LONOITDDB8, Ali - />. 


PrZABAD (K) Ui 36* 4r Una 38« 43* AND DEHEA DtN (W) Lot SO* IV, Long iV* SS* 






Tkajtsits Obbebted at E 


Teanbitb Obbsryxd at W 

Differenoe of 

•s 

hf. 


1 

Stas 











Correetod Times 




p 



Mg Uno* Congnaham wUh TeUtcoft Jfo 2 


Sg Purrard toUk TeUtcoft No 1 

(W-B) 

1 

S'" ° 


‘2 













1 * 

^44 


1 




itt 





In 






1 1 1 

J 


BAG 

Niunber 

Deeli 

nation 

i 

strumental 

Mean 

Total 

Seconds 

1 

si rnuieuUl 


Total 

Seconds 


Moon 


d t 1 

i 

1 


PoiiUon 

and 

Observed 

Correc 

of 

Correct 

• 

Position 

and 

Obsenrsd 

Corroo 

of 

Bjr each 
Star 

of 






1 

Correction 

Time 

tion 

od Tune 

1 

Correotion 

luue 

tion 

ed Tune 

Group 








Constant! 





Constanta i 






0 


1892 





1 m t 

t 

< 



Am » 

M 

1 

m t 





UarlS 

3C25 

+ 3«S1 

N 

IPS 

‘0 *9 57 39 

+ 2 01 

59 40 

N 

IPS 

10 46 18 4^ 

+ 1 5/ 

tg 8s 

16 30 41 






3633 

+ 3438 

N 

d 

e * ^ 9 

3« 3» 55 

4 1 92 

U 47 

N 

d 

0 4 0 5 

47 $3 4* 

4 1 36 

54 78 

30 31 

% 

•n 

0 

0 

1 

9 

« 


3641 

+ 38*8 

N 

b + a 6 
a -74 s 

11 44 85 

4 2 07 

46 92 

N 

>-08 
a —10 3 

49 5 9* 

4 1 38 

7 30 

ao 38 

*'S 

1 

4 


3661 

+ 3» 16 

N 

I 

35 56 'a 

4 1 82 

57 97 

N 

t 

5* »7 04 

+ 1 IS 

• 18 39 

ao 4a 









<3 + » 46 





Q + 1 IS 










3660 

+ *8 s 

S 


10 ^4 10 ^9 

4 1 67 

12 06 

S 


10 50 31 00 

41 33 

5» 13 

16 ao a; 

% 


0 



3671 

+ »3 45 

s 


37 10 68 

4 1 52 

22 30 

s 


53 4* »' 

4 1 31 

41 51 

ao 3a 


3 

•* 

3 















“ 0 

0 

0 

g 


3684 

+ 1 1 

s 


19 *1 98 

•t-0 9^ 

34 9‘ 

s 


55 44 01 

41 33 

45 »4 

• ao 33 

«'£ 

1 

4 

vO 


3693 

+ 1446 

s 


40 30 *9 

+ 1 as 

31 54 

s 


56 SO 53 

4 1 a8 

51 81 

30 37 






3728 

+ 3448 

N 

<2 -1*46 

10 47 7 09 

-1 00 

6 09 

N 

$ 

<2 + « 35 

II 5 15 »7 

4 1 3f 

26 63 

16 30 54 



0 

0 


8741 

+ 34 5 

N 


49 p 

-I 0? 

15 17 

N 

* 

5 54 44 

4 1 36 

55 80 

ao S3 

4 

0 

H 







51 »S 81 









0 

0 

0 

g 


3767 

•f 41 0 

N 


-0 73 

IS 10 

N 


9 U 09 

4 1 40 

55 49 

ao 39 

g vO 

1 

4 

VO 


3766 

+ 3948 

N 


54 38 «o 

-0 80 

37 30 

N . 


10 56 26 

Cl 39 

57 65 

*0 35 






8708 

+ 11 7 

8 


1043 a<i 951 

-« 77 

*4 10 

a 1 


10 59 21 

4 1 36 

44 47 

16 ao 27 






8720 

+ 4 10 

S 


45 n 4‘ 

-1 97 

n 44 

B 


II I 30 49 

+ 1 34 

51 75 

30 29 

t 

ro 

0 

0^ 

vO* 

VO 









s 






"8 

0 

0 

g 


3732 

- *31 

S 


48 S '3 

-2 II 

3 0* 


42a 17 

4 1 32 

*3 59 

*0 57 

• '2 

1 

4 

•« 


3751 

+ aO 5 

s 


5033 7> 

-I 31 

1* 39 

s 


651 17 

4 I 32 

S* 69 

ao 30 





Mar 19 

3625 

+ 3653 

N 

I P B 

10 ag 58 60 

41 99 

^0 59 

N 

IPS 

1046 19 58 

4 1 40 

20 98 

16 ao 39 






3683 

8641 

h »34 38 

+ a8 

N 

N 

d 

0 3 9 

b -f- a 9 
a -71 9 

3» 33 68 

3346 16 

41 91 

+ a 06 

IS 59 

48 22 

N 

N 

d 

C 4 0 5 
b — 0 9 
a —12 4 

47 54 

49 7 00 

4 1 39 

4 1 41 

56 00 

8 41 

30 4> 

20 19 

$ 

** 0 

^'2 

— 0 014 

0 

0 

4 

lO 

g 

« 


3061 

+ 3a 16 

N 

t 

i 35 57 *5 

41 81 

59 

Nf 

r 

53 18 16 

41 38 

19 54 

30 48 



j 





« + i 45 





Q 4 1 38 










8650 

+ a« 5 

8 


103411 s$ 

1 +T 66 

13 u 

8 


105033 14 

f -n 36 

33 50 

16 30 39 






8671 

+ *3 45 

’*8 


37 »« 8» 

+ * 53 

\ *3 34 

8 


53 41 3* 

4 1 34 

43 66 

30 3a 

S 

4 

5 

0 

J 















^ 8 

0 

0 

g 


8684 

■4 3 3 

8 


39 *5 *4 

+0 9J 

36 09 

S 


55 45 IS 

41 24 

46 39 

30 30 

•'e 

t 

4 

to 


8693 

* 1446 

8 


403* 44 

+ 1 16 

1 

3* 70 

8 


56 51 65 

4 1 29 

51 94 

ao 34 







TASLS r OBSBEVATIOI^S OP TBAK 8 ITS WITH B CLOCK, AND DBDDOKON 
OP THE APPABENT DIPFEBBNCB OP LONGITUDES, AL — p 


PTZABAD (E) Lai iff " 4r Lang 8 ^ SS * 4a>t AND DEHRA DUN (W) Lai a<f IV , long OSf 


TbANBITS OBglBTSI) AT £ 

Sy Xfftos Coni/ngkata «%lh Teltteopt Vo H 


Tbaksitb Obssbtm) at W 
Vg Surrard mih Teleteope Vo i 


Diff«»nc0 of 
Corrected Timer 
(W~E) 


BAG Bcoh 
Number nation 


V I 


Uean Total 
Obierred Correo 


U»r 19 8728 + 34^8 JS I P V 10 47 8 14 -e 99 7 j j N / P J? ir 1 a 6 84 + 1 40 37 64 16 ao 19 


87il +34 8 N „ + /, 491*84 36 8» N 0 + /s 

8*8* +4.0 N JljJJ 83rS« -0)3 .8.6 N 

8766 +3948 N # 54 39*7 -079 ?8 48 N * 


5 SS 45 + » 39 56 84 ao 3 a 

9 35 +‘43 1<> SS ao 19 

‘0 57 3 » + > 4 a 58 74 ao 36 


8782 - 131 8 

8781 a 6 5 S 


0 43 37 34 - 1 75 35 49 

48 i ‘4 70 -‘93 »a 77 
48 6 39 -3 06 4 33 

SO 34 96 - 1 30 33 66 


105944 40 +1 38 45 68 16 10 19 
II I 31 75 +i »5 33 00 30 23 


4 33 3 ^ +1 31 14 S 3 
6 5 * 54 + ‘ 35 53 89 


3626 + 3fi S3 N J* P F 10 30 0 04 + 1 84 ‘88 N / P F lo 46 ao 99 + 1 39 aa a 8 16 ao 41 


0 - j j 3 « 35 «5 +» 7 » $687 N 

5 I9J 3 3 * 47 4 ' + 19 ' 49 3 * N 

' 35 58 74 + 1 6 a 60 36 N 


47 56 05 + ‘ *9 57 34 
49 8 54 + 1^30 9 84 


5a 19 49 + I 28 ao 77 


8 C 71 U aj 45 8 


10 34 13 00 + 1 45 14 45 

17 *3 30 + « *9 *4 59 


39 36 71 +0 59 2 J 30 

403301 +097 3398 


‘o 50 33 56 + * *9 34 8 s 16 ao 4 ' 

53 43 7 ' +* >8 44 99 *04 


55 46 4 * + » *5 47 <»7 I 

56 <3 oa + I *7 54 *9 


8728 + 5448 N Q - 1 46 1047 9 7 * »9 8 53 N Q + 1 38 11 337 69 +i 39 a8 98 16 ao 4 

8741 + 34 5 N 49 38 9' ~> ** 37 69 77 556 90 41 39 58 19 ao 5 

8767 4 41 0 N 53*832 -087 1745 N 93665 4130 3795 30 I 


8786 43948 N 


5 3 j 8 32 -o 87 17 45 N 

54 40 57 -o 94 39 63 N 


93865 +*30 37 95 >o| 

10 58 80 4 1 30 60 to ao 4 | 


8782 U 13 , B 
8781 4 a 6 5 8 


10432873 -a 08 2665 

45 16 18 -a 31 13 87 

48 7 94 -a 48 5 4* 

103640 -155 3485 


*0 59 45 75 + * *7 47 o» *6 *0 ■ 

ti 1 3 a 95 41 a 6 34 ai ao ^ 

4 24 56 4 1 25 25 81 20 35 

6 54 01 4 1 28 55 29 20 44 


Cornu forPewl Bquatioo*; 








TABZiSr 


OBSBBTATIOICS OF TBANSITS WITH W GLOOS; Ain> BBDTJOTION 


OF THE APPAEBNT DIFFBBENCB OF LONOITUBBS, AL + p 


FYZABAD (E) 4r Long ss ' 4a > AND DEHBA DON (W) lot SfT 3>mg ^ ^ 


BAO Dech 
Naznber nttion 


Tbiksitb Obssbted at E 

Sjf Lenow CMyngham, wtik r«I«nx>p« No » 

^ ~~ 

I Btrumental Second* 

^5 Poeitjon rku j « of 

« Obaerred Oorrec ^ 

• Correct 

s Correction tion -j t 


TsAitsm Obbebted at W 

Sjl Burrard teiM Taltwopt Bo 1 


Diflerenoe of 
Oomoted Timei 
<W-E) 


f 

1 itrumenUl 
^ PoaiUon 
end 

J Correntioa 
* Conetent* 


Meta Tot&l 

Obaerred Correo 
Tune tion 


Totel 

n of 



+ 39S« N IPS .. 6548s +3 40 SMS N /PIT 11331903 -1 *7 >7 7^ 16*051 


8918 + 4346 N ^ ^ ^ ^ 8 10 00 +3 67 31 67 N 

89 Sr +1833 N a -105 7 U'6 9 » +174 »« 7 » N 

8952 +4413 N I * 161479 +370 1749 N 

<2+ I 48 


0 + 09 *444 41 -1 M 41 19 
o I19 5 304059 “1 39 39 *0 


8919 + 1458 8 


II 950 73 +1 14 I 51 87 
13 30 96 +0 71 I 31 67 


18 31 61 + 0 64 43 36 


II 16 14 84 ~l SO 1* ^4 16 10 47 jg 

*853 7 » “1 87 S » IS ^0 48 **8 

34 55 34 -1 59 51 7i * *0 49 *'S 


* * 

+ 48 *3 N Q - I 48 II 14 3 38 +0 07 3 45 N 1 40 ti 40 *4 97 -I 16 *4 81 16 30 46 


8998 + 3S 1* B 

4010 + 38 44 N 

4018 +4131 N 

8990 +1049 8 

4027 +948 

4039 +458 


*7 47 93 -0 83 47 09 N 

40 37 96 -0 65 *7 31 N 

41 56 54 -o 46 56 08 N 

II 16 8 05* -I 56 6 49 8 

44 14 14 ~J 04 13 30 8 

361546 -334 *31* 8 

38 8 77 -3 14 6 54 6 


44 8 84 -I 33 7 51 30 43 ^ 

^ 0 

464930 -1*8 4791 3061 

48 17 98 -I 35 16 73 30 65 


11433850 -146 3704 16305s 

493433 -1 54 3* 68 1048 


5*45 31 -1 57 41 74 
54 3« 54 -I 57 *6 97 i 


+ 3956 if I P W ti 6 59 56 + 1 7S 6i 31 N I P W II 13 33 15 -I 19 31 96 16 30 65 

43 46 N 5 j 8 14 80 + 1 89 36 69 N 0 4. ji^g 34 48 50 - 1 1 1 47 39 30 70 

+ *8*3 if a 1 (ij S *4*1 44 +i 39 a* 83 N J “ jJ J 30 44 7» “» 35 43 37 *0 54 


*3 *3 <6 -I *9 )> 96 16 30 65 
*448 50 -I II 47 39 30 70 





8919 4. 1458 fl 


II 343 03 4-1 10 44 13 

95498 +105 5603 

13350* 4-081 3583 

183663 4^077 3740 


II 30 6 33 -1 48 4 75 t6 30 63 

36 18 03 -I so 16 53 30 49 ^ ? 

** 0 

*837 96 -1 61 s6 35 so 53 

345958 -163 5795 3055 








§66 TABUS r OBSBBVATIOirS OB TRANSITS VITH W CJLOCK, ANB DBmJCTION 

OP THE APPARENT DItPBBBNCE OF LONGITUDES, AL + /?* 


FIZABAD (E) lot sr 4r, i»nff as* « / and DBHBA don (W) Ltt( aep tr u*s Ja- as* 


1 

1 

Stab 

TbaKBITS OBMBfBO AT E 

By limx Conyngham, mifA Ttkicopt No 3 

1 

TttAJCBlTS ObSESVH) ax W 

By Snurard mtk Tiletcopo Ao i 

Difference of 

Corrected Tiinee 
(W-B) 

Correction for Bete of 

W Clock 

loo 

1 - 

- + + 

Slj<f 

u»- 

BAC 
^ amber 

DecU 

oetioD 


la 

•trunenUl 

Boettion 

uid 

Comction 

OonatonU 

Mean 

Obaerred 

Time 

Total 

Con«o* 

tion 

Seeotuls 

0! 

Correct 
e4 Time 

1 

< 

1 

00 

1» 

Arumentsl 

fotibon 

aud 

Coireotion 

ronatftnta 

Mean 

Observed 

lime 

Total 

Con-eo 

tlOD 

Seoonda 

of 

Comet 
ed Tune 

By eaeb 
Star 

Mean 

of 

Group 

1893 


. 



h m i 

t 

$ 



h m * 

1 

a 

m r 




Uarl6 

3981 

+ 4*»3 

N 

I P W 

11 34 8 39 

-0 80 

7 49 

N 

1 pn 

1 1 40 39 I { 

-I ox 

36 09 

i6 30 60 

j. 


0 


8998 

+ 35 3* 

N 

d 

0 - 5 < 

37 53 46 

-1 38 

SI 18 

N 

d 

0 4-30 

44 n OJ 

~1 35 

11 77 

30 S9 

« 

6 

0 

0 

• 


4016 

+ 4»3i 

N 

b + 1 8 
a —4a 2 

33 I 34 

-I 08 

0 16 

N 

b - 0 1 
« -a? I 

48 32 0) 

-1 IS 

30 88 

30 73 

S'? 

i 

* 










C - 1 40 









8990 

+ ao49 

S 


fi 36 la 30 

— 1 69 

10 61 

“ 


114332 67 

-I 44 

1» 41 

t6 30 62 





4037 

♦93 

8 


33 30 

95 

>4 IS 

6 


49 3» 43 

-1 55 

34 88 

30 S3 

w! 

? 



4089 

♦ 4 5 

e 


34 39 47 

-a 06 

37 41 

a 


I» 49 55 

-1 60 

47 95 

30 S4 

0 

S'S 

1 

0 

+ 


4049 

+ 413 

s 


38 t3 6s 

-a os 

le 60 

a 


54 34 74 

-r 60 

31 14 

30 5a 




BfuH 

890S 

+ 

N 

IP W 

M 7 3 64 

4-1 76 

4 40 

N 

IPS 

11 33 t6 41 

“1 33 

35 08 

16 30 68 





3918 

+ 4346 

N 

i 

0-55 

8 37 96 

+ 1 9a 

39 90 

N 

d 

4451 73 

-I 30 

50 43 

ao Si 

0 

0 

0 


8037 

+ 3813 

N 

b 4- 1 a 
<t —66 3 

14 34 53 

+ l ^9 

35 91 

N 

b -r 0 3 
<» - 8 0 

30 47 89 i 

“t 38 

4b SI ! 

20 60 

0 

8 '£ 

0 

0 


8953 

+ 44 »J 

» 

1 t 

j 6 aa 48 

4-1 94 

34 73 

N 

a 

34 44 65 

30 1 

45 3S 

30 63 








« 45 





O'- * 39 









8863 

+ 17 ? 

a 


II 3 46 06 

+ 1 08 ' 

47 «4 

8 


II so pa; 

-I 4t 

7 85 

16 ae 71 





8910 

+ 14 j8 

a 


958 »a 

4-1 03 

59 >5 

8 


a6 31 06 

-I 41 

'9 43 

30 48 

J 

? 

5. 


8930 

! + 340 

8 


13 ri 

+ 0 77 

38 88 

8 


a8 60 94 

-I 46 

59 48 

30 60 

s 

0 

0 















S'£ 

1 

+ 


8963 

+ 133 

a 


>8 39 73 

+ 0 71 

40 44 

8 


33 » 53 

-1 47 

t 06 

30 6a 








• 


1 












3881 

♦ 4811 

"i 

Q - > 45 

II 34 n 30 

-0 78 

10 41 

N 

0 - 13 0 

»» 403* 95 

-1 74 1 

3* 31 

16 30 79 





8908 

+ 33 3* 

» : 


*7 55 55 

-1 39 

54 36 

N 

e 

Q- I 39 

44 >4 S7 

-I ?*! 

14 85 

30 59 

cc 

J 

a 


4010 

i 

♦ 38 14 

u 


30 IS 77 

-1 19 

34 5« 

N 


44 56 91 

-1 73 

55 19 

30 61 

0 

0 

1 

0 

+ 


4018 

+ 41 3J 

N 


33 4 39 

-1 08 

3 »» 

N 


48 as 6s 

-4 7.i 

*3 93 

30 7a 





8990 

+ »«49 

S 


11 >6 IS 38 

-I 73 

13 46 

i 

8 


II 41 36 07 

i 

-* 73 

W34 

16 30 68 I 

*- 1 

3 

a 


4089 

+ 4 « 

8 


34 33 54 

-1 13 

30 43 

S 


5» 5* 8» 

-1 76 

l» os 

so 63 1 

"g 1 

0 

0 

«* 

e 

>— 

4048 

+ 4>S 

S 


38 »S 77 

-a It 

»1 4s 

8 


54 3® 0* 

-1 74 1 

34 34 

30 61 

B'O 1 

1 

+ 


i 6 w Syf i 6 20 9 x 4 x 6 S 39 26 ao $ 4 ^ 16 20 782 16 20 866 1 i^L 4 ^ 




ffJSZJS V OBSERVATIONS OE TRANSITS TOH W CLOCK, AND DEDUCTION $6t 

OP THE APPARENT DIPFERENCK OP LONGITUDES, AL + p 



CorPenL Eqoi 



S6^ TASIJB V OBSEBVATTONS OP THANSITS WITH W CLOCK, AND DEDTJOTIOK 

OP THE AFPABENT DIPFBBENCB OP LONOITHDES, AL + /> 


PYZABAD (E) Lot 2S^ 47 U%8 tf* flS- 43*/ AND DEHRA DCN (W) LtA W 19 U»g 12* SS- 


1 

Stab 

Tbaksits Obssbybd at E 

Mv Zenox CoHynffham, wtik TtUtoop$ 27o 2 

r 

Tbabbitb Obbxbteb at W 

Py Bvrrard, te%tk T$l*ieopo JTo 1 

Difference of 

Corrected Time* 
(W-K) 

Correction for Ms^O-of | 
W Clock 1 

2 0 0 
d r. «<• 

1 * * 

a ' * 

1 cfcf 
6 

BAO 

Number 

Deoil 

nation 

I 

1 

In 

etrumental 

Poiition 

and 

Oorreolion 

Conetanti 

Mean 

Obaerred 

Time 

Total 

Como 

tion 

Seconds 

of 

Correct 
ed Time 

1 

< 

1 

In 

etrumental 

Position 

and 

Correotion 

Constants 

Mean 

Observed 

Time 

Totsl 

Correo 

tion 

Seconds 

of 

Correct 
ed lime 

Bj each 
Star 

Mean 

of 

Group 

1892 





km t 

t 

# 



Am t 

e 

• 

m t 




Usr IP 

8981 

4 48 23 

N 

IPS 

1 1 34 16 66 

-0 34 

t6 33 

N 

IPS 

11 40 38 16 

-1 36 

36 90 

16 30 58 





8908 

+ 3S 1* 

N 

d 

0+39 

38 1 10 

-0 96 

0 14 

N 

d 

0 + 0 s 

44 at 99 

-1 36 

20 63 

30 49 


0 

0* 

J 9 


4010 

+ 3*34 

N 

b 3 9 

a -71 9 

3041 n 

-0 84 

40 49 

N 

b - 0 9 

« ~I3 4 

47 a 15 

-« 35 

I 00 

ao SI 

S'® 

1 

0 

+ 


4018 

+ 41 31 

N 

» 

32 10 00 

-0 70 

9 3® 

N 


48 31 04 

-> 33 

39 71 

30 41 








« 45 





Q - • 38 









4027 

+ 93 

S 


11 3; 37 13 

-1 80 

as ia 

S 


II 4947 33 

-l 49 

45 73 

16 20 41 

f9 


0 


4089 

+ i S 

8 


id j8 ao 

“« 93 

16 17 

S 


Sa 58 a9 

S« 

56 78 

ao SI 

0 

0 

0 


4049 

+ 4 iS 

8 


18 31 53 

-I 91 

19 60 

3 


54 4> 47 

-> S' 

39 96 

30 36 

S'S 

1 

+ 

Mar 20 

8006 

+ 3956 

N 

1 P W 

II 7 10 74 

+ 3 00 

11 74 

N 

I p w 

11 23 ^ 73 

-I 46 

13 a6 

16 30 53 





8013 

+ 414<> 

N 

d 

0 - ^ 5 

8 15 99 

+ 3 31 

18 30 

N 

d 

c - 3 1 

34 60 I 1 

-.4, 

58 64 

30 44 

s 

0 

0 


8087 

+ j8 33 

N 

b + 11 

0 - 90 3 

>4 3* 78 

+ 1 46 

34 >4 

N 

b - 1 5 
a - 4 4 

30 56 31 

-i 49 

54 7a 

20 48 

0 

S'® 

0 

1 

0 

4- 


3052 

+ 44«3 

N 


16 30 71 

+ a aj 

3a 95 

N 

t 

3a 55 03 

-1 47 

S3 56 

30 61 








Q + I 46 





Q - 1 38 









8866 

+ >7 3 

S 


n 3 54 49 

+ i 04 

IS S3 

8 


II 30 17 48 

-I 48 

16 00 

16 30 47 





8010 

+ '4S8 

8 


10 6 38 

+ 0 97 

7 15 

S 


36 9 H 

49 

*7 85 

30 50 

•* 

0 

0 


8980 

+ 340 

S 


ia4<»S7 

+ 0 6i 

47 18 

S 


39 9 16 

“1 5® 

7 66 

30 48 

0 

0 

0 


8068 

+ >33 

j 

s 


1848 19 

+ 0 54 

48 73 

8 


35 *0 78 

1 

-1 S' 

9 a; 

30 S4 

S'® 

1 

+ 


8081 

+ 48 m 

N 

1*46 

II 34 19 30 

-0 43 

«8 77 

N 

<2-1*38 

11 4040 84 

-« 45 

39 39 

16 30 61 

g 

«>• 

1 


4010 

+ 3834 

N 


10 43 86 

-1 00 

43 86 

N 


4? 4 89 

-I 46 

3 43 

30 57 


0 

0 

0 


4018 

+ 4131 

N 


13 13 46 

-0 84 

11 63 

N 


48 33 68 

-> 45 

3a >3 

30 61 

•■s 

1 

+ 


8990 

+ 3049 

3 


11 36 33 73 

75 

31 97 

8 


II 4344 03 

-1 49 

4* 53 

t6 30 s6 





4027 

+ 93 

8 


33*9 7a 

-a 13 

»7 59 

8 


49 49 66 

-I so 

48 t6 

3® 57 

VI 

M 

a 

s 

g. 


4080 

+ 4 S 

B 


36 40 91 

-a 31 

38 61 

8 


S3 60 76 

-t s® 

59 »6 

30 65 

% 

S'S 

0 

t 

e 

+ 


4040 

+ 41S 

8 


48 34 j8 

-3 30 

31 88 

8 


64 41 94 

-* s® 

4* 44 

30 56 


i 



|6 30 838 16 20 843 16 20 741 16 20 / a 6 16 30 667 16 30 ^38 j Alt 4 - p 




!UB£M ri BBDUCnON OF CLOOE EATS COEEBCTIONS FEOM THB OBSBBVATIONS OF TBANSIIB 3<S|* 


Axo 

1 

i 

c 

1 

i 

Longitude 

Intemla 

between Nighte of 
Obierrettoae 

Bate Oomotioiui for both Ctooka dedtued from Traanti Obeerved at both Staliona, eii i 
a, Correobona for the Interrala between Ntghte of Oburrattons and 

Bt Hourly Gorrecttona for Night* of Obeerratioa* laterpidated bjr meani of tha Quantitiea a 

a at E Station 

for 

a at W Station 
for 

Aitronomioal 

Date* of 

Ob*erraUon* 

$ for 

Oorreotion to Obeerred 
Difference of Timea 
of Tranait for 

B Clock 

W Clock 

E Clock 

W Clock 

B Clock 

W Clock ■ 

X Clock 

W Clock 

l! 

1 1 

2 

V 

•o 

1891 

December C to 7 

7 8 

II 8 10 

u 10 , 12 

' 

- 4 

- 4 10 

“ 7 9« 

“ 6 47 

+ 0 8o 

+ 0 4^ 

+ 1 6i 

+ « 79 

t 

- 4 a6 

- 4 «» 

- 7 9» 

- 6 44 

* 

+ 0 73 

•r 0 83 

+ 1 63 

+ I 77 

1891 

December 6 

, 7 

. 8 

,, 9 

>1 10 

1 11 

12 

« 

- 0 178 

- «75 

- 170 

- i66 

- .5® 

«15 

- >35 

f 

+ 0 033 

033 

+ 013 

+ 034 

+ «35 

+ 037 

+ 037 

« 

- 0 060 

- 059 

- 057 

- 056 

“ 050 

- 045 

- 045 

* 

4 0 011 

4 011 

4 on 

4 oil 

4 011 

4 013 

4 013 






















• 

• 




December 18 to 19 

-4 7* 

- I 57 

“ 4 59 

- I 39 

December 18 

- 0 14)4 

- 0 061 

- 0 044 

- 0 014 



„ 19 , 20 

- 4 8o 

- 1 IJ 

- 4 73 

-- I 06 

II 19 

— 196 

- eS4 

- 044 

- 013 

a ^ 


1 20 , 21 

- 3 31 

- 0 98 

- 3 5® 

- X 33 

20 

- 170 

— 046 

- 038 

- 010 

H 


, 21 28 

- 6 7* 

- 1 JO 

- 6 ,4 

- I 13 

I. 21 

- 143 

- 015 

- 033 

- 008 

5 1 






e 








28 , 24 

- 3 '0 

- 0 14 

~ 3 '* 

- 0 33 

1 22 

- 130 

- 034 

- 03* 

- 005 




















II 23 

- »35 

- ei6 

- 030 

- 004 








1 24 

~ 130 

- 008 

— 039 

- 003 



1892 





1893 







Jenuary 6 to 7 

- a 8* 

+ 1 8a 

- a 7a 

+ I 93 

January 6 

- 0 115 

+ 0 078 

. 0 034 

4 0 916 

<« 


7 10 

- 9 40 

+ 5 *4 

- 9 31 

+ 5 *1 

• ,1 7 

- 133 

+ 07s 

- 035 

4 015 

g “ 


>1 10 , 11 

- a 97 

+ 1 la 

~ 3 09 

+ I i6 

1, 8 

- 130 

*+ 073 

- 037 

4 015 


1 






II 9 

- MO 

+ 073 

- 037 

4 Olj 

§ " 







10 

- 138 

+ c6o 

~ 036 

4 011 





• 



11 

~ ia6 

4 C48 

- 036 

4 010 



January 18 to 19 

- 3 »6 

- 0 09 

- 3 36 

- 0 15 

January 18 

- 0 >34 

- 0 005 

- 0 043 

— 0 003 

tj 


1, 19 , 20 

“ 3 S> 

-0.1 

- 1 55 

- 0 19 

,» 19 

- 140 

- 006 

- 045 

— 003 

Si 

s 

1 „ 20 „ 21 

3 «S 

- 0 19 

- 1 «« 

- 0 30 

1 20 

“ M9 

- 010 

- 044 

- 003 

ll 

V 

21 „ 22 

- 3 «S 

- 0 15 

- 3 »3 

- 0 13 

•1 21 

- 131 

- 013 

- 043 

- 003 



22 „ 23 

- 3 *1 

— 0 30 

- 3 *5 

- 0 37 

H 22 

- 13* 

— 010 

- 043 

- 003 








,, 28 

- >33 

~ 010 

- 043 

- 003 




364 TASLM VI DBDtrCTION OP CLOCK BATE COEBECTION 8 PBOM THE OBSERVATIONS OP TRANSITS. 


ire 

•3 

! 

Ii 

Intemli 


B»te Gorrectioni for botl Oooke deduced from IFreniits Obeerred at boUi Statioiie, m ; 

a, Correctioot for the Interrak between Kigbts of ObeerTations and 

fi Honrlj Gorrectioni for NigbU of Obierrationi interpolated by meaoi of the Quantitiei 

...... ^ 

n 

Q f 

IJ 

1 

between NighU of 
Obiarrationi 

a at E Station 

for 

a at W Station 

Aitronomical 

Dates of 


0 for 

Correction to Obierred 

Difference of Tunei 

of Trknsit for 


< 



E Clock 

W Clock 

E Clock 

Obsorrationi 

W Clock 

E Clock 

W Clock 

E Clock 

W Clock 



1892 


a 

< 

« 

a 1892 



s 

a 

a 

a 



F«bnuu7 0 to 

10 

~ 0 31 

- 3 

- 0 4a 

- 3 31 February 

9 

- 

0 015 

- 0 176 

- 0 006 

- 0 058 



» 1') )• 

11 

“ 6 57 

- a 9a 

- 0 56 

- 3 95 »» 

10 

- 

019 

- 139 

- 007 

- 049 















g: 


11 11 » 

12 

- 0 19 

•" 1 77 

- 0 11 

- » 75 » 

11 

- 

oiS 

- 119 

- 006 

- 045 

s vS 

P s 

j{ 

.. 13 . 

18 

-on 

- a 64 

- 0 M 

- 3 59 II 

12 

- 

006 

- iia 

- oea 

- 043 

r 


,, 18 „ 

14 

- 0 as 

- a 4» 

- 0 37 

- 3 45 

18 

- 

008 

- 103 

- 003 

- 040 









14 


on 

- 101 

- 004 

- 078 



Maroh 16 to 

16 

- 0 75 

- 4 11 

- 0 71 

- 4 30 March 

15 


0 031 

- 0 1^7 

- 0 008 

- 0 047 

ig 


» 1^ 

17 

“ 0 94 

- ^ 06 

- 1 n 

-no II 

16 

- 

017 

- 151 

- 010 

- 041 



17 

18 

- I 14 

- 3 oa 

- 1 10 

- a 91 

17 

- 

04f 

- ia6 

- 017 

~ 034 



„ i8 

19 

- I 31 

- a 87 

- 1 14 

- a 84 , 

18 

- 

049 

- laa 

- 017 

- 037 

1 1 


19 

20 

- 1 30 

- a 40 

- i 31 

- a 46 

19 

- 

051 

- no 

- 014 

- 070 








1 

20 


051 

- lOl 

- 014 

- 037 
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Whence AL = i j(AL - p) + (AL + p)} =» 20“ + i C9* *03 + 9* 3*8) = 20“ 9* 216, 


p = k {(AL + p) - (AL - p)} = i {9* 328 ~ 9* 103) « + o* 113 

The site of the old Longitude Station Jit Calcutta having been built over a new one was selected The new station it 
31 feet inches east of the old one This distance corresponds to o' 022 of longitude, and this quantity nmst therefore be tub 
tracted from the above value of AL before the latter can be compared with arcs previously measured from Calcutta 

Final value = 20“ 9' 194 
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Whence AL = i ((AL - p) + (AL + /j)} = 13“ + i (28* 310 + 28* 69a) s= 13“ a8» 501, 


p ss \ {(AL + p) — (AL — p)} as J (28* 692 — 28* 310) =s + 0* 191 



TABIS m ABSTMCT OF EEStJLTS OF ALL OBSEBVATXON8 

AND DEDUCTION OP THE APPABBNT DIFFERENCE OP LONOITUDE, AL 
AND THE RETARDATION OP SIGNALS, p 
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!]PAS 13 S VII ABSTBACT OF BESULTS OF ALL OBSEBTATIONfi 

AKD DEDUCTION OF THE APPABBNT DIPFEBBNCE OF LONGITUDE, AL 
AND THE BETABDATION OP SIGNALS, p 


WALTAIK (E) AND BOLARUM (W) 
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Whence AL * ^ {(AL — p) + (AL + p)} » 19“ + i (ii* 429 + ii* 642) = 19“ ii* 536, 

p «r= J {(AL + p) - (AL — p)} * J (ii» 64a - II' 4a9) » 4- o' 107 

The Rite of the old Ijongitude Station at Bolamm being, in 1892 no longer available, anew site was chosen 36 feet 
4 i inches more to the west In order therefore to combine this arc nith arcs previously measured from Bolarum, a correction 
of -* 0* on must be applied to the above value 


Final value of Waltair-Bolarum *= 19“ ii' 525 
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BOLAKUM (E) AND BOMBAY (W) 


Astronomical 

Data 

Instrumeutal 

Apparent Differencs of Longitude by Observations with 

a 

* 

E Clock aL — p 

W Olook "• AL -f p 


B 

W 

By N Stars 

By 8 Stars 

Means 

By K Start 

By 8 Stars 

Mtani 

1892 



m t 

m « 

M t 

m « 

m i 

m i 

February 9 

IP E 

IPS 

St 43 686 

32 48 641 

) 

33 48 788 

S3 48 778 

) 






> 33 48 631 



\ i> 48 737 

9 } 

• 

» 

48 569 

48 J86 

) 

48 7SS 

48 708 


« 10 

I P W 

>1 

48 79S 

48 740 

\ 

48 9'> 

48 B96 







[ 48 733 



[ 48 869 




48 700 

48 698 


48 813 

48 836 


1 

1 

I P w 

48 766 

48 771 

\ 

48 947 

48 877 







t 48 717 



[ 48 896 


» 


48 676 

48 694 

) 

48 9>* 

48847 

) 

N 12 

I PE 

, 

48 708 

48 668 

) 

48 90a 

48 946 







[ 48 688 



[ 48 878 

» 

' 

• 



) 

48 8|6 

48 807 

5. 

> 13 


IPE 

48 619 

48 699 

) 

48 8S» 

* 48 875 







[ 48 639 



[ 48 834 

» 


• 

48 589 

48 637 

) 

48 770 

48 840 

5 

, 14 

I P W 

, 

48 701 

48 671 

) 

48 873 

« 48 857 







48 683 



[ 48 867 




48 681 

48 676 

) 

4« 859 

48 879 


/ 

IPE 

IPE 

32 48 6SI 

33 48 618 

s 

33 48 630 

33 48 ,91 

33 48 Boo 

33 48 796 

Mean. )| 

I P W \ 


48 7»o 

48 696 

4« 708 

48 869 

48 667 

48 868 


1 

I F W 

48 7*i 

48 7W 

48 7*7 

48 910 

48 S61 

48 896 

i 

IPE 


48 708 

48 668 

48 688 

48 879 

48 877 

48 878 

General Moans 

33 48 693 

32 48 684 

33 48 688 

33 48 867 

32 48 843 

33 48 860 


Whence AL = i {(AL — p) + (AL + p)} « 22” + i (48* 688 + 48' 860) * a2® 48* 774, 
p = i {(AL + p) - (AL - p)} = I (48* 860 - 48* 6S8) = + 0* 086 


The Bite of the old Longitude Station *Bt Bolarum being, in 1802 , no longer available, a new site was chosen 16 feet 
4 i inches more to the west In order therefore to combine this arc with arcs previously measured from Bolarum, a correction 
of + o' 01 1 must be applied to the above value « 


Final value of Bolarum-Bombay » 22® 48* 785 
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CHAPTER I 

THE BECOMPUTATION OF THE ABCS CONTAINED IN VOLTTMES IX AND X 


1 . 

Introductory 

When the operations for determining differences of longitude between certain stations in India 
by help of the Electric Telegraph were first inaugurated, General J T Walker, R E , who was then 
Superintendent of the Great Trigonometiical Survey, feeling that some better test of the accuracy of 
such measurements, than that aftorded by the magnitude of their probable errors, was desirable, arranged 
that the arcs should bo so laid out as to form triangular circiuts, the closing errors of such circuits 
would obviously give a most satisfactory check on the accuracy of the results attained It cannot 
but be regarded as a most fortfinate thing, when looked at by the light of subsequent experience, 
that General Walker’s foresight led him to adop*t this plan, for by it errors have been brought to 
notice which would otherwise have escaped detection, --errors serious enough to diminish the value of 
the work, and yet of such a nature as to bo ignored by* the ordinary method of computing the 
probable errors, as they are due to a constant cause, and are not susceptible of elimination by the 
system of reducmg the observations as adopted m the earlier years of these operations 

2 . 

Hutoncal 

The longitude equipment, which has been in use at various times since the season 1872-78, when 
it was first employed by Captain Herschel and Captain W M Campbell in Southern India, remained 
essentially the same throughout the nme seasons, the results of which are collected m this volume for final 
reduction afid discussion There have been from time to time minor changes both in the equipment and 
system of procedure, which it is desirable to glance atm this place, as they bear upon the history of the 
eircmt-errors, and show the reasons why some of the early arcs have been rejected, and the rest re-com« 
fmted on an improved system. The work of the first season 1872-73 was chiefly tentative, and under- 
taken espeoudiy to enable the obserren to become familiar with the instruments, and to decide upon 
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tlie best system to be adopted This year's work was definitely rejected, partly for the abore reason, 
but chiefly because of a fault m Telescope No 2, which proved to be so shaky that no confidence 
could be placed in its performances This fault was remedied by Mr Boderet, Mathematical Instru- 
ment Maker to the Madras Government, and a fair start was made in the Reason 1876-76 During that 
season and the following ones, moderately good results were obtained, only moderately good because 
the circuit errors seemed larger than would be expected, oonsidermg the mmute care taken in the 
adjustment of the instruments, and m every process connected with the observations Even thus 
early some anxiety began to be felt as to the cause of these errors, and the bad effect they might 
eventually produce on the value of the results, as well as a feeling of disappointment that with all the 
care expended on the work, their source could not he traced out 


In the season 1881-82 the circuit-errors increased largely, so much so that it was obvious that 
unless some remedy were devised it would be almost useless to proceed with the work A further exami- 
nation of the instruments showed that Mr Doderet's cure bad been only temporary, and that the tube 
of No 2 Telescope had again become loosened to such an extent that the increase of circuit-errors was 
quite intelligible The telescope was then repaired by Mr Bolton at the Mathematical Instrument 
Office m Calcutta, and the measurements were proceeded with On resuming work in the seasons 
1882 83 and 1883-84 the errors again asserted themselves, though considerably dimimshed in magmtude, 
and seemed wrapped in greater mystery than ever 


4a the large errors m 1881*‘82 had been clearly traced to unsteadiness of the tube, it was only 
natural to suppose tl\at the comparatively small errors of the subsequent years might be attributed to 
an incomplete rectification of this fault , it was therefore determined to return the instruments to the 
makers, Messrs Cooke and Sons of York, to be thoroughly overhauled, and to have some alteiations 
made in some of their details Suspicion fell upon the Ys of the transit telescopes which were of a 
peouhar construction They are described at page 8 of Part I of Volume IX of the Account of the 
OperattonCt ^c , and as it was supposed that they might be the seat of mstabihty, they were discarded, 
and new fixed Ys of the old established type supplied in their place 


The repaired instruments were examined by Colonel G Strahan, E E , at the Greenwich Obser- 
vatory before being returned to India, and as the tests appUed showed the stabihty to lie satisfactory, 
operations were renewed m 1886 86 with the expectation of greatly improved results This expectation 
was however again doomed to disappointment, and although extra precautions and additional changes 
of pivots, and observers, «&o , were introduced, there was no material decrease m the average magmtude 
of the circuit-errors 


3 . 


^Q98%hU Sources qf Ctrcml-Errors 

In Sections 8, 4, and 5 of the Appendix to Volume X, will be found a discussion on the so called 
circuit-errors, m which various surmises are made as to their cause, most of them however being at once 
dismissed as inadequate to produce the effect 

It will he superfluous to enter mto a description of all the experiments which have been made to 
localize the cause of these errors, because many of them have been entirely abortive The observers* 
attention has been pretty steadily directed to CoUimation, Level, and Azimuthal Deviation, as being the 
most promising quarter m which to experimentalize, and it has now been found that they were justified 
in this, as the true source of error has been at length localized there, though not exactly m the direction 
suspeeted The errors were supposed to be caused by a want of stability m the position of the Ime of 
ooUimation. The process of ocfilimating, » e , the determination of the micrometer reeding of the tdeseope 
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whpb. tlie s!glii*liii6 18 perpendicular to tlie aije of the pivots, has always heieai dbnried out hy CNmaa^a 
method, ♦ e , by two ooUmatc^s, one placed to the north one to the south of the transit telesoope^ 
and that of levelling by refieotion of the wires from mercury placed vertically below the telescope In 
oolhmatmg, the telescope is horizontal, pointed first to the south and then to the north, and in level- 
ling, it 18 pointed towards the nadir, but in observing clock stars for longitude, the telesoope is always 
pointed within a few degrees of the zenith, and there was no evidence to show whether the slght«line 
might not shift its position during these vanous movements To elucidate this point various expenments 
were made by observing stars alternately direct and by reflection, and by vertical ooUunators, but the 
evidence as far as it showed anythmg, showed that no such instability of the sight lino existed 

At the commencement of each season, new and elaborate precautions were taken in changing 
pivots more frequently, in more minute refinements in making the adjustments, and other such matters, iU 
hopes of dinunishing these mysterious circuit errors, but all in vam Some of the circuits dosed satis* 
factorily while others showed errors that were much larger than could reasonably be expected or 
accounted for, thus raising a suspicion that it was more due to a happy chance than to real precision 
when the errors turned out to be small That a ehauce elimination of error may really thus occur was 
pretty clearly shown in the work of 1880 81, m which season the cirouit-orrors were as small as could 
reasonably be expected, a result which has been shown by subsequent investigation to be due to mutual 
cancelment by mere chance It seemed hardly reasonable to hope that after the cause of these mysteri- 
ous errors had eluded search for so many seasons, it should be eventually completely explained, and 
that a means of re computation should be discovered, which has almost efitirely qegatived their effects 
This IS however the case, and the final results in this volume arc given to the world m full confidence 
that their accuracy is probably as high as is possible of attamment with modern instruments 

4. 

* 

Discovery of the Cause of the Ctrcuit^Errors 

The errors have now been traced with considerable certainty to the faulty nature of the colli- 
mator object glasses, by which an erroneous determination of the position of the sight-line of the 
telescope with respect to the axis of the pivots may be, and often has been, made 

• 

The way m which the discovery of the source of trouble was led up to, was as follows — It was 
noticed that on several occasions, notably at Deesa m 1885, that the values of Oo as obtained m the two 
pivot positions differed considerably, in fact by a quantity distinctly larger than «ould be due to faulty 
observation The discrepancy m the case of Beesa alluded to was no less than nine divisions of the 
micrometer, a quantity that excee^ many times any possible error of intersection by even an unskilled 
observer This alteration of nine divisions took place persistently every time the telescope was reverscdi 
(withm an amount at least that was well .within the limits of observation) throughout the whole six 
nights of the measurement of the arc Deosa-Mooltan Ko explanation of this anomaly could be dis- 
covered,* and no special notice was taken of it at tbe time But when the computation of this and the 
adjacent arcs was completed on the system at first adopted, it became evident that there was something 
very wrong about it, for all tbe circuits in which it entered showed abnormally large circuit-errors, and 
ibis fact led Oapt Burrard, who was employed on the work that season (though not at Beesa), to con- 
nect the faultmess of the arc with the variation of Oo> and thus to obtain a clue to the solution of the 
difficulty It seemed extremely improbable that a real change of the position of the sight-hue should 
occur m merely reversmg pivots when carefully executed without jar, and next to impossible that this 
change should almost exactly repeat itself at each subsequent reversal , for it must be remembered that 
no new strains are set up in the tube or any part of the apparatus by mere reversal, exactly the same 
part of the pitots being m contact with the Ys in both positions, and no change being made in the 
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dtsinbution of weights Tho change of 0^ coxild only therefore he aoeounted for hy aa error m wme^oi 
the quantities used in its deternunation. At page 22 of Part I of this Tolume, the method employed m 
determming the value of C^, by means of two collimators, one placed to the north and the other to the 
south of the transit telescope, is descnbed m detail 

The formula? used are as follows — 

Co = i {Il + E-ife(A-B)} for IP E 
and 

0, = i {D + E -f it (A - B)} for JP 

where A; is a factor employed m reducing the divisions of the micrometer of the south colhmator to those 
of the transit telescope , D is the reading of the transit telescope micrometer when the cross of the 
North collimator is intersected , E the same for the South collimator, A is the reading of the South 
collimator micrometer when intersecting the cross of the North collimator, and B is the reading of the 
South collimator when its moveable wire intersects the cross in its own diaphragm 

Apart from the consideration that it is desirable as a general rule to vary as much as possible the 
circumstances under which a let of observations is taken, the chief reason for changing pivots is, that 
errors arising from the sight line of the telescope not being perpendicular to the axis of the pivots, or in 
other words, from faulty collimation, are completely cancelled by taking the mean of the observations 
in the two pivot positions gut tjiia cancelment does not hold if the position of the sight-lme with 
regard t6 the axis is unstable, and shifts its position during reversal, and it seems to have been 
somewhat hastily concluded, from the variation m the value of Co. that such a shift really occurred , 
hence the idea arose that observations in either pivot position should he made complete in themselves 
by the application of Cq as determined by observations in that particular position, without reference 
to its value after reversal, thereby ahandomng almost entirely the principle of cancelment of error hy 
reveisal Reverting to the formula 

Co = i {B + E q: Aj A -B} 

it seems unlikely that any of the quantities contained therein, with the exception of A, can be affected 
hy the imperfection of the collimator object glasses In determining D and E (the readings of the 
N and S collimator crosses respectively m the transit telescope) the object glass of the transit telescope 
being muoU larger than those of the collimators the whole surface of the latter is invariably brought into 
use, and moreover B being the reading of the collimator micrometer when its moveable wire is brought 
into coracidenoe with its own fixed cross, it is m no way affected by imperfections of the object-glass 
A te however very mateiially affected, and experiments, winch will be subsequently described, show that 
the reading of A varies considerably according to the particular parts of the object glass brought into 
play Now this, when reduced to its ultimate consequences, means s’mply that the angle formed by the 
sight lines of the two collimators is not correctly determined, or it may express the state of things better 
to sav that owing to faulty object glasses the collimators have no definite sight-lines, their position depend- 
ing on the part of the object glass in use, and that therefore the angle between them is indeterminate, 
as this angle enters with opposite signs m C® and (which symbols will be henceforward used to dis- 
tinguish Co as found by observations IP E and I P W respectively) it follows that — 0* is equal to 
twice the value of the error, or uncertainty of this angle, measured m divisions of the transit telescope 
micrometer 

It was not until the arc Beesa-Kooltan was measured that any case had occurred m which the 
difference between Ojj and Ci» was sufficiently marked or persistent, to attract attention Now however 
that the discovery has been once made that this difference exists, and is an uncanoelled source of error 
in an arc, it is not difScult to trace its existence in previous work the greeter the difference between 
CjR and Ow in any arc, the greater will he the ooneotion caused hy the re-oomputation on the 
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oi nmean Co In some cases m whiob. the difference is small, the correction almost razdshea^ thli 
probably arises from the collimators ^eing by chance so placed as to bring nearly the whole of thdr 
object-glasses into play, as will be further explained m the next chapter 


5 . 


JSffect of Erroneow Mecmrement of the Angle {A — E) 

The effect of an error m the measurement of the angle (A — B) may be easily traced out as 
follows —Take the case of any particular star whose decimation is $ 

Let f,, fw be the observed times of transit IT? E and IE W corrected for all sources of error 
except collimation 

Da end Dw be the readings of the transit telescope micrometer when the cross of the North 
colUmator is intersected IE E and IE W respectively 

Ek and Ew the same for the South collimator 

m the value m seconds of time of one division of the micrometer of the transit telescope 

Ti the true time of transit , * 

6t or k A ~ B the true angle between tbe sight Imes of the ttro colhmators, measured m 
divisions of the transit telescope micrometer 

C, the reading to which the micrometer is set during the transit observations 

Then ioi IE E 

Ti = 4 + ?» (Oo - C.) sec 8 = + w - A -- 0, ^ sec 8, 

and iov IE W ^ 

Ti = fw + (C. - Co) sec8 = + wt I - ~ A + 0,j secS 

Now if instead of Cq, 0* and 0^ are used to represent tjie yalues obtained for C© m the two pivot 
positions, by means of ^ an erroneous value of 6, and T^ and Tw represent the corrected times of transit^ 
then 

T, = <, + «t (C,*- C.) sec 8 = <. + »t P* ^ - C, I sec 8. 

and • r -n 17 ^ 1 

Tw = fir + w(C, — Cw) 6ec8 = f,r + w ^ + C, j 860 8 

These being compared with T^ give 

T« -Ti = f»~^-sec8, 

” T» — Tjs=w — ^secS, 

$ e each value of the arc is burdened with an error of the same magnitude and sign, and therefore 
that their mean is burdened with the same error 
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A mean C^, dispensea entirely with the use of the faulty angle so long as the ooUimitoia m 
not disturbed^ for 

c„ = j (C. + 0.) = i - 4 j + i f 5^ + II 

= i + 3>w + E* + Ew} 


6 . 


Summary of Beasonifor adopting a Mean 0^ 

To justify then the adoption of the computation with the mean Oq, we have the following facts — 
(1) In examining the circuits formed by the arcs when computed by the old method, large circuit errors 
often appear where the differences between Ok and Ow are large , (2) Errors m the measurement of the 
angle between the sight lines of the two collimators are competent to, and actually do, produce the 
differences between Ok and Cw*i (3) Experiments, to be descnbed m the next chapter, show that there 
are defects in the object glasses of the colhmators, and possibly also in those of the transit telescopes, 
which make the measurement of this angle doubtful , (4) The extreme improbability of any such periodic 
movement m the position of the sight line as would on reversal cause the observed differences between 
Ck and OiJi (6) The dasirabihly of carrying out in its integiity the principle of cancolment of colli- 
mation error by reveisah and (6) The fact that with one or two veiy tnfling exceptions the circuit errors 
are notably diminished throughout the whole network, and brought down to a satisfactorily low average 
This last conaideration^ if standing alone, would carry little weight, but taken m connection with the 
oihets 18 siguiffcant 


7 . 

ISegection of certain Arcs 

For the reasons given above a re computation of all the arcs (with the exception of those of 
1881 82) has been carried out on the principle of a mean Oo» befoie they have been taken m hand for 
the simultaneous reduction It is important to note that so long as the same value of Co is used m both 
positions* its actual magnitude is of little consequence, as not affecting the principle of cancelment 

The reason why the arcs of 1881-82 have been exempted fiom re-oomputation is that as the tube 
of No 2 telescope was obviously shaky during that season, no syslom of calculation could render its 
performances trustworthy, and the entire work of that season has been rejected This is of little con- 
sequence as Hazaribagh— the station to which most of the arcs measured that season were jomed — is 
of little importance in the general network, and may be omitted without detriment , of the remaining 
arcs of that season, two, mz , Fyzahad-Agra and Jalpaiguri-Calcutta, were subsequently re-measured, 
after the tube had been repaired, with results so different that the old values have been entirely rejected 

Tlie effect of shakmess of the telescope tube is easily traced by an examination of the observations 
for determining Oq When the tube is steady, there is very little fluctuation m the values of D and E 
80 long as the pivots are not reversed, although Oq may vary considerably when there is any shake or 
looseness, it becomes at once apparent even without pivot reversal, by the great differences in the read- 
ings of D and E, according to the direction in which the telescope is rotated, whether from the nadir 
upwards, or fiom the zenith downwaids It is on account of such differences as these that the arcs of 
0.881 82 have been rejected, and by no means because the circuit-errors aie abnormally large 
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ON SOME BXPEEIMENTS POB TESTING THE OBJECT QLASSEa OF THE TEANSIT 
TELESCOPES AND OF THE COLLIMATOB3 


1 - 


Introductory Memarhc 

It has been shown in the preceding chapter that any error m measuring the angle (A — B), at 
which the sight lines of the two collimators arc inolinod to each other, vitiates the determination of Cq m 
such a way that observations in both pivot positions are affected with an error m the same direction, 
if the sight line of the transit telescope lemains immoveable with regard to the axis of the pivots during 
reversal It was also shown that, on this hypothesis of perfect stability, Oq = J {0* + Ow) If an 
accurate value of Cq be required from observations m one pivot position, it is imperative that the angle 
between the sight lines of the collimators should bo determined with gieat precision, as its value enters 
directly into the computation o£^ 0^ , but if observations m the other pivot position be added, without 
any disturbance of the collimators, and a mean tjpken between the two, this angle is eliminated from 
the result The experiments now to be described show that, except under special conditions which are 
somewhat troublesome to secure in actual practice, and whiph as a matter of fact have not obtained 
hitherto, there are defects m the object-glasses of the collimators wbicb render the measurement of this 
angle uncertam , and that on this account neither nor Cw alone are to be trusted in reducing transit 
observations 


2 . 

Clasatjicafwn of JExpertments 

For the examination of the object glasses of the collimators and the transit telescopes the follow- 
mg five classes of expenments were devised — 

(1) Expenments on the effects produced m the value of Co by small vertical, and lateral displace- 
~~ ments of the collimators with regard to the sight-line of the transit telescope, without 

reversal of pivots 

(2) Expenments on the value of Q) as obtamed from collimators m h<«izo&tal and vertical 

positions, as well as at irdennediate altitudes* 
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(8) Expenmenis to ascertam wliethet any difference m the raltte of Co 'was noticeable vh«a 
the transit telescope was removed, so that vision was no longer effected through the aper- 
ture m the cube 

(4) Experiments on the object-glasses of the colhmators with full aiud reduced apertures 
t6) Expenments on distant meridian marks, and on images of the wires reflected from mercury, 
with full and reduced apertures, to test the object-glasses of the transit telescopes 

The details of these five classes of experiments, so far as they are necessary to justify the 
conclusions arrived at, will now be given 


3 . 


Ftrei CloBd of Expervments 

The two collimators being placed on their respective piers in the position usually adopted m 
actual work, were very carefully aligned, so that their sight-lines were not only parallel, but as nearly 
coincident as could be effected, and centrally placed with regard to the aperture in the cube of the transit 
telescope This was accomplished by the following contrivance A lamp placed at the eye end of one 
collimator projected from th^ object end a cylindrical beam of light of the same diameter as the object- 
glass, and /his being repeived oh a White disk of cardboard placed over the object glass of the other colli- 
mator enabled the observers to obtain the required coincidence without much trouble, the exactness of 
parallelism being subsequently gained by a cautious lateral shifting of the eye end of one of the 
collimators, till the two crosses were noted as superimposed, or very nearly so , the final adjustment 
was effected with the micrometer The value of was then detenmned by the usual process as desciibed 
at page 22 of Part 1 of this volume 

The collimators were then moved half an inch to the right, to the left, upwards, and downwards 
suooessively, still retaining exact parallelism and comcidence of sight lines, as well as unuiterrupted 
vision through the cube TJndqr none of these changes was any material change noted m the value of 
Co, nor any difference between C® and Cw The effect of lateral displacement is obviously to bring into 
use different parts of the object-glass of the transit telescope This i^ not however a consequence of 
vertical displacement, as might at first sight be supposed, because m this case the part of the object glass 
used in viewing the north colhmator when the collimators are depressed half an inch, is the same 
as that which comes intq play m viewing fhe south collimator when the colhmators are raised half an 
inch, and vice vered 

The amount of lateral and vertical displacement available la very limited, for the collimator 
object-glasses being 2^ inches in diameter, and the aperture in the cube only inches, any displace- 
ment, more than that mentioned above, gives rise to partially obstructed vision through the cube, thus 
introducing new conditions which are dealt with under the fourth class The object-glasses of the 
transit telescopes being five inches in diameter, it follows that -only a small portion towards the centre 
can thus be dealt with 


4 . 

Second Claes of Experiments 

In these, an endeavour was made to ascertain if Cq showed any vamtion corresponding to different 
altitudes at which the collimators were placed , for it seemed by no means unlikely that m raising 
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^ telescope from aborizoBtal position towards the semth, varying strams might he set up, whi<di UrouM 
eonoeivably alter the value of Oq These experiments were inconclusive, and showed no variations in 
0^ traceable to such a cause In carrying them out a peculiar form of vertical collimator was used 
for semth observations, which proved to be so handy and aocurate, that it may be worth while to 
desonbe it in this place The instrument is shown m Plate IV It is a modified form of that known 
as Captain Kater’s vertical floating collimator, a contnvance which has rather fallen into disuse in the 
present day. It consists essentially of an annular wooden trough, supported on two T-iron bars spannmg 
the observatory m an east and west direction , this trough is turned out of a solid block, in which 
a substantial wooden ring, nearly square in section, floats on mercury Attached to this ring by two 
stout brass arms is a oolhmating telescope fitted with a micrometer, so as to hang vertically when the ring 
18 floating in the trough so far the principle is exactly that of Captain Katcr*s collimator* He seems 
to have concluded that the telescope thus hanging freely, and floating on mercury would always recover 
the same inclination to the horizontal plane, after being rotated through an angle of 180®, or bemg 
disturbed in any way In these experiments this was not found to be strictly the case, and as extreme 
refinement was aimed at, it was thought better to attach two very sensitive and well tested levels to the 
floating nng, as shown m the Plate By reading these, the necessity for assuming the unchanged inolmft^ 
tion of the telescope to the horizontal plane was obviated The rough p,d]ustment to verticahty of the 
sight line was made m the first instant by placing shot m holes formed for this purpose m the upper 
surface of the ring, the final adjustment being secured by the micrometer screw The levels were then 
so adjusted that the bubbles played near the centies of their runs, and then the instrument was ready 
for use in the determination of the true zenith point by rotation through 180® The ready reversal by 
merely giving a slight twist to the ring rendered this a most handy means \)f ^employing a fixed zenith 
point, which for convenience, leady apphcation, and precision, left nothing to be desiied The rmg 
when rotated was stopped, when it came to the pioper position, by a projecting pin as shown in the Plate 
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Third Class of Experiments 

These experiments showed conclusively that no change could be detected in Co, whether the vision 
was through the apeiture of the cube, or the telescope was entirely removed, so long as the ahgnment 
was sufficiently perfect to ensure uninterrupted Vision If the ahgnment was not good, differences m 
Co owing to partial obstruction of the field of view of the collimators appeared, hut these will be dealt with 
under the fourth class As no special care has been taken 'in the longitude operations that the view 
through the cube should be entirely unobstructed, it seems quite likely thal some of the anomalies 
m Co may be traceable to this source 
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Fourth Class of Experiments 

These are the most important of all, and are m themselves quite sufficient to afford reasons for th e 
differences between C* and 0^ They deal with the quantity A m the formula Co=ai {H -f* B — A? A*— B 
this being the reading of the South colhmator micrometer, when its moveable wire intersects the North 
coliunator cross The readmg was taken under various conditions of full and of reduced apertures, and 
shows discrepancies under these circumstances sufficient to account for the mysterious variations of Co 
The two collimators being adjusted carefully, as desenbed under the first class of these experiments, a 
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i^micircul&r disk of cftrdbofird of the sonio diamotcr as tlie object-^lassos of tho coUiMators^ was pT6* 
pared, and so adjusted as to shut off consecutively the east, west, upper, and lower halves of the effective 
apeiture The reading of A was taken under each of these conditions with the results given m the 
following table — 

Table J— Values op A — (Colbmators appertaining to Telescope No 1 ) 



Full 

EMtern lialf of 
object glaif in um 

Western half of 
object glMS in use 

Upper half of 
object glass in use 

Lower half of 
object glass in use 



spertur® 

Diik inserted in 

Disk inserted in 

Disk inserted in 

Disk inserted m 

Bxicasxs 

i 

CoUiinstori 

North 

oolhuiator 

South 

oollimator 

North 

eolliniktor 

South 

collinifttor 

North 

collimator 

South j 
collimatorj 

North 

collimator 

1 South 
jcollimator 


Each of tho read 
mgs m these 
columns is the 
mean of two, one 
taken by Captain 
BiuTard, and one 
by Lieut Lenox 
Conyngham 

58 a 

56 8 

57 0 

58 2 

58 7 

58 7 

59 <5 

6n 2 

59 a 

60 2 

57 7 

59 3 

53 9 

54 a 

54 a 

55 3 

53 6 
54 0 

56 0 

53 0 

54 3 

57 5 

•)7 5 
59 * 1 

58 5 

58 0 

57 a 

57 3 

57 3 

58 5 

59 

59 8 
61 0 

59 3 

57 0 

56 6 

57 5 

At the end of the 
expenraents the 
disk was removed, 
and the read 
mg of A again 
taken, to see if 

1 any movement 
hod taken place 

Means 

57 6 

59 * i 

59 I 

54 4 

54 3 

58 3 

57 5 

59 6 

57 6 


Final Means 

Ao«57 6 

Aj! = 

59 a 

Aw = 

54 3 


57 9 

Al = 

58 6 



In this table A is expressed in divisions of the South collimator micrometer To convert A (or 
differences between two values of A) into divisions of the tiansit telescope micrometer, in which unit 
D, E and Oq are always expressed, it must be multiplied by i 666 The subsenpts o, E, w, u and L m 
this, and succeeding tables, signify that the whole aperture, the eastern, western, upper, and lower halves 
respectively of the object glasses were in use 

It would have been bettor in some respects if a diaphragm obscuring three quarters, instead of one 
half, of the apertures had bi en employed, leaving one quarter open in the shape of a sector, but it was 
found that the great diminution of light thereby caused rendered the intersections uncertain and difficult 

As parallel rays are being dealt with it is immaterial in theory m which of the two collimators the 
disk 18 inserted, but as the alignment with every precaution might not bo quite perfect, the disk was 
inserted in each successively The table shows that the precaution is almost unnecessary, the differences 
being generally so small as not to exceed the uncertainties of observation 

The greatest discrepancy occurs between the eastern and western halves, amounting to 4 9 divisions 
of the collimator microscope, or 8 i divisions of that of the transit telescope Now assuming as an ex- 
treme case that the western half gives the true result, then if in practice, through bad alignment, the 
©astern half only is in use — ^and against such an event there is no dpnon probability — the angle (A— B) 
between the sight lines of the collimators would bo in error by that amount, and this error (as has been 
shown above) enters directly into the determination of Cq with the same sign both IP M and IP IF, 
the effect being that transits of stars in both positions occur either too early or too late by f» see $ X 8 i, 
where m = o* 0225, the value in seconds of time of one division of the micrometer, and Z is the starts 
decimation In the case of an equatorial star this amounts to o* 18 Stars used for longitude work are 
generally selected within a few degrees of the zenith* and for such, the error in the time of transit ansing' 
from this source would be, in latitude X, o* 18 X see X, a quantity which would rary from 0^18 m South 
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India to o* ai m the Punjab The great distance ajMu*t at which the collimators have been placed in prao« 
tioe rendered the coincidence of their sight-lines difficult to secure, and the alignment has hitherto been 
considered sufficiently good in actual practice if clear vision of both crosses was obtained in the field of thw 
south collimator no attempt has hitherto been made to ascertain what parts of the object-glasses were 
out of use, either on account of imperfect alignment, or on account of the interference of the cube of 
the tiansit telescope, through which by means of a small aperture the collimators view each other 


It seems obvious therefore that considerable uncancellcd errors may exist in transit observations 
owing to this peculiarity in the collimators, which produces different values of Cq according to the part of 
the lenses brought into use 

It IS perhaps hardly fair to the maker of these instruments to have allowed them to be used so 
excentiically that a large portion of their object glasses was obscured, a practice which seems to have 
arisen origmally from the difficulty of adjusting them truly, when at such a considerable distance apart aa 
thiity feet It is a troublesome process to ensure the coincidence of tho sight bnes under these condi* 
tions, especially as the necessity of their passing ctntially through the aperture in the cube is equally 
important, and hence tho practice arose of considering tho clearness of vision a sufficient test of 
adjustment It is not known why tlie original obsoivers selected this distance of thirty feet, but it was 
subsequently diminished with obvious advantage It is foi tunate that there baa been occasionally a 
very notable want of adjustment in this respect, otherwise the peculiarity of the object glasses might 
never have been suspected or proved, for if the want of truth m thp ahgmnent of tho collimators had 
been trifling, small eirors m the woik would have remained, small enough to have escaped the close 
search to which they have now been subjected, and yet largo enough to dijnintsb the precision of the 
results Under existing conditions although good alignment is very desirable, still it would never do 
away entirely with the necessity for using a mean Co, for so long as any regularly recurring difference 
exists between Ck and Cwi so long will suspicion fail rather on tho angle (A B) than upon any instability 
of tho sight bne » 
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Fifth Class of Experiments 

In commencing tho testing of the object-glass of the transit telescope the collimators were used, 
and tho oxpeiiment was conducted as follows — Tho three telescopes wore carefully aligned, and a lamp 
being placed behind tho eye pieces of the collimators as in the fourth class, a hwght circle of light was 
cast on a cardboard disk inserted over the object-glass of the transit telescope The collimators were 
moved until this circle of light m both positions was at tho centre of tho disk, the telescope bemg 
horizontal 

An aperture was then cut from the^centre of the disk of the same size as this circle of light 
Theoretieally the insertion of this annular disk would have no effect on tho readings of D and E because 
that part of tho object glass concealed by it could m no case come into play, until the alignment was 
disturbed A semicircular disk was then prepared which could he mseited m the object glass of either 
collimator, oi m the annular disk of the transit telescope by means of this contrivance the apertures of 
any one of the three telescopes could he diminished at will, and in any desired position The test con* 
Slated m taking micrometer readings of the transit telescope when intersecting, firstly, the cross of the 
north collimator, and secondly, that of the south collimator, with various apertures^ the results being 
given m the tw o following tables J) is the reading for the intersection of the north collimator and E 
for that of the south , the subsenpts having the same meaning as in the table in section 6 of this 
chapter 
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Table II —Values oe D — (Telescope No X) 



Object gIsHoe 

Saetern half 
of obioct gloaaea 

IQ uso 

Weetem half 
of object glaeaea 
lu uae 

Upper half 
of object glasaea 

ID ate 

Lower half 
of object glaaset 
in ate 



of Teleecope and 
CoUimaton open 

Semi 

circular 

diik 

ineerted in 
collimator 

Aperture 
in diik of 
Iclrxtope 
half 
ooTcred 

Semi 

circular 

dtek 

inserted in 
collimator 

Aperture 
in disk of 
Telescope 
half 
covered 

Semi 

circular 

disk 

insertod in 
collimator 

Aperture 
in disk of 
lelescope 
half 
covered 

Serot 

nreular 

disk 

inserted in 
oollunator 

Aperture 
in disk of 
Teloscope 
half 
covered 

BimaSzs 











At the end the 
disks were re 

Means of two 
readings one by 
Capt Burrard, 
and one by 

1767 4 

1769 3 

1768 5 

1764 2 

1766 2 

1764 9 

1765 0 

177* 5 

1770 0 

moved, and the 
reading of B 

67 7 

69 7 

69 7 

63 6 

65 5 

65 7 

64 I 

69 3 

70 8 

again taken, to 
see if any move- 

Lieut Lenox 
Couyngliam 

67 1 

68 0 

69 0 

63 2 

64 7 

66 0 

66 1 

69 0 

70 7 

ment had taken 
place in either 

67 4 

68 2 

69 1 

62 9 

65 4 

66 0 

65 0 

69 0 

70 4 

Collimator or 
Telescope dunng 
the experiments 

Means 

1767 4 

1768 8 

1769 I 

1763 5 

*765 5 

« 7^5 7 

1765 I 

1769 7 

1770 3 


Final Means 

Do= 1767''4 

Dk = 

17 69 0 

Dw = 

i 7<54 5 

Du = 

1765 4 

Dl =® 

1770 0 



Table III — ^Values op E — (Telescope No 1) 



Object glasses 

Eastern half 
of object glasses 
in use 

■Western half 
of object glasses 
in use 

Upper half 
of object glasses 
in use 

Lower half 
of object glaiset 
in use 

Esmarks 


of Tolosoope and 
CoUiinatort open 

Sonu 

circular 

disk 

meorted iii 
collimator 

Aperture 
in disk of 
Icloscope 
half 
covered 

Senu 

circular 

disk 

inserted in 
oollimator 

Aperture 
in disk of 
leldscope 
half 
covered 

Bomi 

circular 

disk 

inserted in 
collimator 

Aperture 
in disk of 
lelcftopc 
half 
covered 

Semi 

circular 

disk 

inserted in 
collimator 

Aperture 
in disk of 
Telescope 
half 
covered 











At the end the 

Means of two 
readings, one bv 

1448 I 

1450 6 

1450 4 

1447 3 

1444 9 

1450 7 

*450 5 

1448 0 

1449 0 

disks were re 
moved, and the 

Capt Burrard, 
and one by 

48 7 

50 0 

30 0 

46 8 

4 o 9 

50 7 

5f 0 

45 8 

48 2 

reading of E 
again taken, to 

Litut Lenox 
Couyngham 

47 5 

50 7 

49 7 

47 3 

46 2 

5 Q 4 

5* 8 

47 9 

49 0 

see if any move 
ment had taken 

483 

50 3 

49 9 

485 

45 8 

50 6 

5 * 3 

47 4 

48 5 

place dunng the 
expenments 

Means | 

1448 i 

1450 5 

1450 <5 

H 47 5 

*445 7 

1450 6 

145* 1 

1447 3 

*448 7 


Final Means 

£o» 1448 1 

Ee=: 

1450 3 

Ew = 

1446 6 

Ec ~ 

1450 9 

El =* 

1448 0 



Prom these tables it will be seen that I)» differs from Bw by 4 5 micrometer diTisions and Bi, from 
Bo by a slightly larger amount^ the differences in E being somew^t smaller, and a 9 respeetiTely 
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As however the object-glasses of the collimators have been proved to be capable of producing larger 
differences than these under certain circumstances, when employed by themselves alone, it seems very 
doubtful if such differences can be fairly imputed to the transit telescope at alh 

It had been noticed diy Captain Burrard previously, that by tilting the collimators in actual 
practice, a change in the value of Co nas caused, and this was supposed to be due to the fact that a 
different portion of the object-glass of the transit telescope w as brought into play This is probably not 
the cause of the change, for as the telescope is much nearer to each of the collimators than they are to 
each other, it follows that any alteration in their mutual inclination causes more displacement between 
their sight lines, than between them and that of the transit telescope If the two collimators were 
correctly abgned before tilting, then it is certain that they could not be so after tilting, unless one of 
them was bodily raised or depressed, which was never the case The discrepancies due to incorrect 
alignment, which are abundantly evident in the fourth class of these experiments, are then produced, 
and therefore there is no reason for supposing the existence of any imperfection of the object glass of 
the transit telescope on these grounds 

It should be mentioned here that m practice the alignment can never be so faulty, as to cause 
the obscui ation of any part of the object glass of the transit telescope, owing to the necessity of the 
collimators being mutually visible thiougli the aperture m the cube As the object glasses of the colh- 
matois liad been proved to be faultj, inasmuch as they gave different images for different parts of the 
aperture, it seemed to bo futile to attempt further to eximme the ohjoctrgfasscs of the transit telescopes 
by their means It fortunately happens that an excelknt distant meridian mnrK exists at l)elira Dun, 
consisting of a pyiamid of masonry eight fett high, and distant about nine tnilcs on a ridge of the sub- 
Himalayas neaily 5,000 feet above the station, and this was viewed with full and lediiced apcitures, as 
in the case of the colliraatoi expeuments No resulting diffeiencos in the readings of the miuometer 
when the moveable i\iic was made to intersect the mark vcie noticeable, but these k suits aie not con- 
sidoicd of much weight, as owing to haze the maik nds somewhat unsteady and difficult to intersect 

The object glass was subsequently tested again on the same principle, except that instead of a 
distant mark, the icfloxion of the nires themsilves liom the surface of mercury Mas used as on object 
for mteisection with varying apertures Again no variations were recognizable, and hence it has been 
concludpd that the object glasses as nearly as possible pirftct Now if it really be perfect, the readings 
D and E will not vary, even if the collimators ard not correctly aligned, unless the alignment is so bad 
that only parts of the collimator object glasses come into use, a state of things whicli is not possible m 
practice, for it would prevent mutual visibility of the collimators through the aperture m the cube 

It may therefore be concluded that the variations in Cq are solely due to the uncertainty in the 
quantity A in the formula Co {D + L ^ A? A ~ Bj or, in other words, are caused by faulty aligns 
mod of the colhmatorsy so that jmrts of their object glasses are shut out, either by non coincidence of 
their sight lines, or by interposition of part of the cube of the transit telescope 

This completes the series of experiments with Telescope No 1 and its collimators subsequently 
a similar series vas instituted for the second equipment, with the same results, % e , that the value of A 
depended greatly upon which parts of the collimator object glasses were brought into effective use, but 
differing only m this respect that the object glass of Telescope No 2 did not come out of the trial as 
successfully as that of Telescope No 1 

Observations with it were taken as before with full and reduced apertures on the distant meridian 
mark, but for the same reason as m the former case not much reliance was placed on the results The 
reflexion of the wires from the mercury trough was then used as an image for observation, and it was 
found that matenal differences existed in the readings according to the part of the object glass in use 
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The following table ahowa the values of M, ot the readings of the micrometer when the dh^t and 
rodected images of the wire coincided, from which it is evident that a senous discrepancy exists betneen 
the eastern and western halves of the object-glass of Telescope No 2 


Table IV — Valdes oi M — (Telescope No 2 ) 


Whole object glMB 

in uee 

North half 

in uee 

South half 

in uM 

Weat half 

in uee 

Eaaihalf 

in lue 

I 5 i« 3 

J 5»7 9 

1519 1 

1519 0 

> 5^5 4 

j8 5 

17 3 

17 3 

19 5 

16 6 

17 0 

17 a 

18 0 

»9 5 

a 

17 -) 

18 4 

iB 0 

19 0 

19 8 

14 r 

i«ji 7 9 

i ')«7 6 

i<ii« 4 

1^19 5 

* 5'5 3 

1518 I 

15*9 0 

1519 0 

1521 2 

15»6 5 

17 S' 

19 0 

185 

20 4 

16 4 

l» 8 

19 0 

18 I 

19 0 

>5 9 

18 9 

19 0 

18 9 

20 0 

16 5 

1518 4 

i<;i9 0 

1518 6 

1520 2 

1516 3 

Mo 1518 2 

Mn 1518 3 

Mg 1518 5 

Mw 15*9 9 

Mb 1515 8 


It 18 satisfactory to find that when the collimators were so arranged as to show varying differences 
between Or and C*, that Cq the mean of the two remained neaily constant Thus at Kuirachee m 1890 
four values of Cr and Cw weie taken as follows, the collimators being moved after each pair — 


Cb 

Cw 

Mean = < 

1720 6 

17^4 3 

1722 5 

22 5 

24 0 

^3 3 

25 8 

22 t 

^5 9 

26 0 

20 1 

23 I 


The same process repeated at Waltair m 1891 , when the collimators were wholly removed after 
each night’s noik, and set up again the next day, gave results as follows «— 


Cr 

Cw 

Mean = i 

1484 4 

1473 6 

1479 0 

82 2 

76 9 

79 6 

81 3 

77 ' 8 

79 <5 

84 8 

73 a 

79 0 

78 0 

82 3 

80 2 
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and lastly m Dehra Dun in 1892 the following values were obtained - 


Cb 

a 

Mean = < 

1512 I 

1520 1 

1516 I 

15 I 

16 7 

*5 9 

15 5 

15 7 

h 6 

16 1 

14 8 

*5 5 


8 . 

Conclumm 

To sum up, the following conclusions may be legitimately drawn from these experiments —(1) That 
the instability of the siglit-line of the transit telescopes is apparent only, not real, (2) That the 
collimators of both equipments are faulty, inasmuch as their object glasses giro different images 
according to the part of them that comes into play, (3) That the object glass of Telescope No 1 is very 
nearly perfect , (4) That the object-glass of Telescope No 2 is decidedly* of inferior form , (5) Thatr^ry 
alignment will nearly pre\ent these imperfections fiom having an injurious effect on the final 
results , (6) That the use of a mean Cq does so almost completely , and (7) That a very careful align- 
ment in future combmed with the adoption of a mean will give result^, from which erroi-s due to those 
faults may be coubidercd as practically entirely eliminated * 
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Explanation of Eevised Abstract of Eeterminaitons of Qolhmatum and Level Con ection Constants 


This Abstract differs from fhojie of the same kind m previous volumes only m the columns headed Cj, c and b 

In order to obtain the revised figures in these columns the mean of the values of Cq m position IP h , and in 
position / P W are entered sepaVattly m the column of remarks 

The mean of these \wo quantities is taken as the final value of to be used for etcry day of observation on that 
particular arc regardless of pivot position 

Cj 18 the collimation correction constant It is equal to Q — C, for / JP JS , and C, — Co for / jP IT 
c 18 obtained from Cj by subtracting the diurnal aberration 

b 18 the level correction constant It is equal to Cq — M for / JP £ , and M — Cq for /P W 
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» 3« 584 

a 31 682 

by Obterrationi IPS 

ao 40 368 

39 40 509 



IPW 

31 573 

31 64s 



IPW 

40 597 

40 7*4 

Qener»l Mesni 

> 3« 579 

a 31 66a 

General Meant 

ae 40 483 

ao 40 611 

Whence 




M « 

- a 31 6ai 

Whence 




m e 

- *0 40 547 

Oorrectton for BeUtire Fenonel Equation Oj^ — 

>■ + 0 0)1 

Qorrection for Belatire Penonal Equation, Hy - Oj, 

- - 0 031 




ATj^ 

- a 3w6ja 




Ally 

» ao 40 316 

Agua 



JL, 

-a 11 644 

Again 



«Lg 

- 80 40 533 

OorreoboB for BeUtire Fenonal Equation, 0^ -> H, 

» — *0 009 

Correction for Belatire Penonal Equation, Hg - Og 

4' <0 009 




AL, 

- a 31 633 




ALg 

- ao 40 54a 


Bnally 

w f 

% i {AL, + ALg ) a* a 31 644 


nnaUy 

« « 

AL « 1 (ALy + ALg ) s ao 40 529 




p a + 0 04a 




p bi + 0 064 








XLBCtBO-imi!QEAPEZ0 

JOeduotm the Appwmt Difference qf Lcf^gtiudet md the Beterdatum ef St^kth^ p. 




BOMBAY (B), AND KDRBAOHEK (W) 

JUBBOLPOBB (B) ABB BOMBAY <W) j 

Aatrononuc*! 

iDitruwental 

Apparent Diflferenoe of 
Longitude bj Stare of Borth Aapect, 
b; Obeerrationa tritbi 

Aetronoimcal 

t 

tnetmiuental 

Apparent Difference of 
Longitude by Stan of Korfb Aapeet, 
by Obeenatipni mth 

Bftto 




Date 




gtaUoni 

B Clock 

W Clock 

Stationa 

IS Clock 

W Clock 




- JLg + p 



1 

if 

1 

-8Ly + g 

1881 


M $ 

m t 

1881 


J — 

m « 

M « 

Jmwuj 17 

IPS 

13 11 o;7 

13 11 1^ 

Febniaiy 6 

IPS 

18 31 79a 

18 3« ^S* 

i» » 

»• 

11 073 

11 169 

n ft 

I. 


31 988 

» 18 

II 

11 079 

I* 3'3 

M 7 

0 

31 699 

31 on 

ti 1 

» 

11 oil 

11 177 

11 II 

II 

31 794 

3> 957 

» 19 

» 

,«* 15* 

11 414 

o 8 

» 

3> 7S9 

31 896 

M >• 


11 114 

11 411 

I. 

•1 

3‘ 787 

3» 970 

1. 20 

I P w 

n 137 

11 170 

1 9 

n 

31 695 

31 901 

M 11 

M 

11 109 

>* 339 


% 

31 7*6 

3» 970 

» * 91 

II 

11 165 

>* US 

• 19 

I PW 

31 834 

3t 834 

w » 


, 11 105 

11 383 

M 1 


31 787 

3* 0*9 

U 28 

II 

11 163 

11 464 

„ 18 


31 9»3 

3* 013 

H 

•1 

11 143 

11 sH 

M 

» 

31 794 

33 001 





O H 

I 

31 811 

31 970 





• 

• 

31 850 

3* 059 

Mmiq VKlufi 



Mean Valuei 



bjr ObMfTfttiont IPS 

13 11 110 

13 11 199 

by Obeerrationa IPS 

*8 31 750 

a8 31 956 

1_ 

1 P w 

1* «S4 

»* 393 

• 

a p w 

3« 830 

j 3t 988 

Oenernl Meant 

*3 '* >37 

*3 «* 346 

Goneml Meant 

*8 3* 79» 

*8 31 971 

Wheooe 

« 


m $ 

- 13 11 141 

Whence 


JLy 

M r 

« 38 31 881 

1 Oonvolion for BeJatire Fenonal Equation, Hj, - 

- - 0 031 

Oorfeotion for Beiatire Pertonal Equation, By - Cj, 

- - 0 0S4 



ALk 

•« It 11 no 



ALy 

- 18 31 797 

Again 


ir. 

13 11 no 

Again 


8Lg 

- 18 31 «73 

1 Correction for Belatire FenKmal Sqnation Hg - Cg 

0 009 

Correction for BelatiTc Pereonal IqiMtion, Hg » Og 

* - 0 038 



Alg 

- 13 11 119 



Al| 

- 3« 3* 83s 


Finally 



naally 


Ahm 

i (AL, + Alig ) w »3 la ai5 

AL ai 

i (Ally + Allg ) a# a 8 31 816 j 



p a* 0 105 



P » + 0 091 1 






im BSQtTZiTs Of AUi ornmvmoM. 

Jkdvohm (\f th0 Apparint Jhffeftne$ JAn^Uude, aL, mi the MetarAeitm St^nak^ fh 


JVBtlVmm (B), ABO BOliAEUM (W) 


J0BBUU>OBB (8), AND AOBA (W) 




49? 


vommm. 

IhiMtHm (if the dpperent Otfferem of Imgtitide, Ali, and ltet«riabe» (f pt 


JOBBPIfOB* (B) ANB MB8A (W) 


Attwnottic*! j 

InttrumonUl 

1 PoKtton At both 

Appftrtnt Ptfferonoe of 
Ixingttude b; 8t»n of North Aipeot, 
by ObtArrotiooi with 

Dote 

Stotiont 

X Clock W Clock 




mw99 thg m * /^a6 

O<tmeU 0 u tot BtkUre PtnoiMl Sqa»tion, 0 ^ - H|, « -t- o 084 


* 1*1 " 3 » 3 338 

G«nre<illoa tor BoUtire Pmoaol Squatioa Og - H, 0 038 
aL| - 3 > 3 3 i® 


fiakll; 

M 41 

^ i (AL* + ALg ) « 31 3 393 

pm + 0 081 



AQU. (B), AKO DEBSA (VT) 


I Appvoot PiSAmiea of 

Ixoigitude bj Btui of MorA Aqiiet, 
laitrameDtol t^Obaamboniiritli 

Position »t both — — r < • . ... 




18 S 1 

m t 

m t 

April 

10 

IPS 33 30 336 

*i 30 36^ 

l> 

f» 

, 30 380 

30465 

ft 

11 

„ 30 381 

30 547 

r •* 

II 

„ 30 38a 


n 

la 

H 30 433 

30 505 

. 

. 1 

i> 30 380 

30 435 

^ .. 

14 

I P W 30 163 

30 358 

II 

t 

M 30 356 

30 365 

H 

15 

M 30 099 

30 364 

i . 

» 

. 30 134 

30 183 

H 

16 

II 30 10 ? 

30 303 

•• 


1 30 108 

30 115 


Moon Toluet 



bj ObsmAtioDi IPS 33 30 345 

83 30 464 



I P W' 30 145 

30 330 


General Meant 33 ao 945 

c* 

33 30 347 




M 9 


■WbenoA 

9 Lg - 

33 30 396 


Correction for BcIaUtc PertonAl IquAtion, Cg » 

4- 0 084 



Alg- 

33 30 380 


Again 

JLg - 

33 80 331 


Oomofaoa tor BcIaUt* Fenonnl SquatioBi Cg •» Eg •• 

+ 038 



Alg 

33 30 359 


PlfloUy 

M # 

AL a I (Ally 4 * ALg ) a 93 30 370 
pm O 051 










wmsm mmm mmm of au s. 


JkdmHisn Ue^^tjfyence qf LmgUude^ aL, fom ObmwiumM qf fi^mtU^wUk Olddk, If 

Clock OompariaoM 


BOlfBAT (E) AND ADEN (W) 

A 

^ foobniiiioaUl 

^ Pooifatoa 

1 

Corroofed 
Dif erenoo of 

Epoeh 

. 1 linos afc 

E Clock, 

Rodueod toiDtoni 
of 

Deduced 

Clock 

Oifferenco 

D 

ct Epoch 

Apporent 

Difforenoa 

of 

Longitude, 

< 

B 

w 

North Aipoot 







A m 

A IN 





1 SI 

I 8« 

1877 


Am* 

« 

» 

t 

April 30 IPS \ 

IPS 

14 53 38 

- 39 731 

49 740 

30 019 



IS »* 3‘ 

39 84^ 

49 78s 

19 94a 

Umj 1 /p ir 

IP w 

15 35 i* 

31 881 

St 9*7 

30 036 

„ 2 , 


‘4 5> »7 

33 778 

51 9«7 

30 141 

. 


15 JO 39 

33 909 

S3 981 

80 053 

. 3 


U 55 59 

35 967 

55 988 

30 031 

H . 


15 at 50 

15 9‘7 

S8 037 

30 no 

4 

. 

«4 54 «S 

38 >3* 

58 109 

19 978 

. 

. 

IS at *9 

38 117 

58 147 

30 030 

, 6 IPb 

. 

14 5» «a 

40 181 

60 19s 

30 014 

t M 


'S aa 3? 

40 339 

60 344 

30 01 s 

n 7 

IPB 

'4 5‘ 59 

44 t90 

84 407 

30 317 

1 • 


15 at S 4 

44 as 3 

84 45 ® 

30 197 

8 tPJT 


14 53 3 

48 3^ 

66 348 

30 039 

1 


15 ao IS 

48 364 

66 383 

30 018 

» 9 

. 

14 54 40 

48 01 1 

68 139 

30 118 

' ’ ’ 


15 ai 33 

48 033 

68 163 

30 141 





Mcsn 

30 064 



km $ 

• 

A 

m $ 


Mean AL, 

1 •<• 1 51 30 0641 WhfoootLg -• t ( 

;i 19 996 

Oorreotion for ) 







H, -C, 

, - - 0 030 H* 

-0, - 

«■ 0 036 

PonotMj Bqiution J 






Ditto of liKucribing 

m \ 0 000* 

- 

0 000* 


ALy - 1 51 30 034 

aL, ■« 1 j 

;t 30 033 



Whraoo 







A IM 

* 


AL « i (A1 

J, + AL,) 

* 1 51 1 

zo 008 



ABXN (E). Am 891 E (W> 



[9 996 U«an tLjr ■■ o 49 41 8j6 { Wh«Doe 8L 

ComciioD for ^ 

o oa6 KeU<<Te > Hj^ ■> Oy — o 030 Hg C 

PonoDftl Uqution ) 

0000* DtUo of tMntenbing «> •> 0 oiif 


Wbrtioo 

= ; f AL„ 4. AL. \ 


f Xliu»i 900 fAiMtilotkiMtoMirw«tmi»o^ 


t XMbObMvrt««rMii(idbtdlik«M iMMate 











J>ed«etiM of iho D^jfmnoe of Longtiude^ aL, from the JOeterrnmaium of JCoeol Ctook 

hy Clock Comporwono 


BOMBAT (JB), ANI> IDBIS (W) 


2 i6 36 39 
8 15 |a ji 
4 16 1 16 



S Clock 

W Clock 

IiMtru 

Pwition 

Oorceotion 
U SUM 

ot Korth 
A«pMt 

Tima 

Hourijr 

BftU 

Ooirectioa 

'1 

Itiitni 

monUl 

Foution 

Cometion 
ubjSt&m 
of North 
Aopect 

Hourlj 
Tima Bata 

{by BClock J Conroction 


t 

h m » 

* 


$ 

h m $ 

» 

IPS 

-17 «« 

39 aj 

- 0 ou 

IPS 

•i-ia 248 

«S 37 49 

+ 0 064 

I P W 

18 aai 

i6 19 at 

030 

I P W 

13 6n 

IS 8 S 

060 

*» 

18 873 

16 38 ^3 

030 


15 078 

16 34 45 

060 


19 631 

16 16 18 

030 

» 

375 

«S *9 *3 

o<9 

*• 

ao 319 

»« M* 44 

oa8 


a 7 853 

‘S 39 7 

056 

IPS 

31 117 

t6 38 0 

035 

>. 

19 224 

>S 43 6 

064 

It 

a* 434 

16 II 3S 

030 

IPS 

ai 885 

M 3S 4S 

056 


a* >67 

»S 5>* >3 

033 

n 

»3 »<>7 

15 40 44 

053 


n ^41 

16 14 u 

033 


*4 439 

1 IS 3S 0 

, 053 


05^ «o 309 I, 874 
064 a» «04 19 348 
036 33 425 31 90a 
»53 *3 »^S *3 aya 
05a »3 614 H 4 S 6 


Digaraooa 
of Clock* D 

at 

BpoohTj 

Appaaant 
IWfawaca of 
Xonfitoda 

D + ATj-aT^ 

km « 

i m t 

1 ji 49 861 

I S* 19 94* 

St 944 

30 094 

54 059 

20 ni 

S 6 073 

ao 066 

I 

58 203 

20 020 

^ 315 

19 9<>3 

64 49S 

20 168 

66 418 

19 978 

68 303 

ao 113 

Mean 

1 51 30 OJI 


Mean 5=5 i 51 ao 051 

Correction for Relative Personal Equation, H,f — Cj, » — 0 030 

Ditto transcribing Equation as 0 000* 


Whence 5L. as i 51 19 983 
H, — Cj as +0 oa<5 


AL„ = I 51 ao oai 


ALg as I 51 30 009 


Whence AL » | (ALg + AL, ) as i 51 20 015 
Value deduced in preceding Table » i 51 30 028 


Pinal value of AL, Bombaj.Aden, being the mean of the above « i 51 ao 02» 


tin meidi M Iwth stetiom inn 




AcUotMmkmd 


nmsBD of mtias oi oBsntTiXiom ^ 

Xte^iKixm ^ tit Siffermiet ^ Lcmgtltit, AL, fnm Oe Stttrmmatm Ztctl Oloei OtrmbiMt, mMut* 

by Cloek Compamom 


ADSK (S) AND 8USZ (W) r 


N Ipooh 



Comotion 

Ai fa/ bUn Time 


k » t 

i6 41 4 I F X 


X - 4 S*» 

4 63s 

5 S5« 

5656 

6 661 
6 717 

W 7 887 


IPX - 8 978 

. 9 '73 


18 tS 4J „ 

16 40 1 1 , 

18 18 33 

16 4t 6 , 

18 16 aS 

16 46 0 IP 
18 9 58 

16 41 9 

18 16 58 

J8 6« 8 I 

18 t8 sa , 


■> h m I 

Mean » o 49 42 831 
Correction for Relative Personal Equation, H„ — C„ * — o 030 

Ditto transcnbmg Equation = — o on* 


DaduMd 

Cloek OorrootioDS 

At Epoch Ta 

DiNonmoe 

ofOlookiD, 

Apparmt 
Difforoaeaof 
Loaglhidt , 

for 

E Clock 

at. 

for 

WOlook 

ATw 

at 

EpoohT, 

•ba 

0 4 AT, - aT^ 

1 

- 4 581 

$ 

> 8 981 

km f 
04938 vai 

km t 

0 49 4* m 

4 83* 

9 i8y 

38 aag 

4* 790 

8 557 

10 84s 

17 484 

4» 77* 

8 8 j 4 

II *03 

17 4»9 

4S 868 

6 660 

la 708 

36 8s8 

4* 876 

6 714 

I* 93« 

38 71* 

4* 949 

7 881 

*4 m 

36 *58 

4» 7*7 

7 900 

»4 880 

36 191 

4* 841 

9 ‘58 

16 lao 

35 «93 

4» 855 

9 174 

16 u« 

35 853 

41 9*0 

10 787 

V7 863 

IS 889 

41 785 

10 880 

18 too 

38 664 

4* 884 



Mean 

0 49 4a 831 


AL, » o 49 42 790 


h m i 

Whence 8L, r= o 49 42 795 
Hg — C, » + 0 025 

m — o- on* 

ALg s o 49 42 810 


Am t 

Whence AL sb | (AL, + AL, ) as o 49 42 800 
Value deduced in {ireceding Table ss o 49 42 825 


Rnal v^oe of AL, Aden Sue*, being the wean of the above ss o 49 42 813 


* la(A<Mb9m«f taaapenMhtiewniM^ 




Araco 

IMiioHon 0 / ih$ Appmnt Difference of LongthdCt AI#, 0nd the Metardeikm of p* 


/AIiPAieUEI (E), AND PYZABAD (W) 


D*t« 

In 

elmueiital 

Pofition 

at 

both 

Station* 


Bf Clock Compansoni 

* 

By Traii«it4 at both Btationa 
ivith the same Clock 

IBpooli 

br 

B Clock 

T. 

Corroctccl 
Difference of 
Obeerred ritne* 
at Epoch r, 
Bednced to htar* 
of North Atpaot 

Deduced 

dock Differenoo 

D 

£pooh 

T, 

Apparent 
Difference of 
Longitude 
b/ Stars of North 
Aspect 

8Lj - D + My 

Apparent Differonco of 

Longitude by Stan of North Aipeot 
by ObMtratione irith 

B Clock 

-«L, 

W Clock 
» SLy -r g 

188 S 


i « * 

«a * 

M * 

m » 

f» e 

m t 

DMomlMr i 

ItH 





a6 33 701 

26 33 986 

•• • 

II 






33 037 

11 4 

xew 

4 S» *9 

- 1 5 * 706 

*8 15 944 

36 *3 138 

»3 09s 

33 414 

II • 


5 n 44 

ii 7*0 

fS 980 

33 a6o 

33 i 4 t 

»s m 

II 6 

IPS 

4 Jt »9 

54 S6* 

17 800 

23 938 

32 783 

33 061 

II 1 


5 >> 43 

' 55 006 

17 8*4 

a: 818 

33 4a 

33 013 

6 

IP w 

4 S» H 

56 558 

19 688 

31 no 

33 861 

33 167 

H II 


3 «» *3 

56 599 

«9 /'7 

11 118 

33 015 

»3 *74 

,. 7 

IPS 

4 SO J6, 

S8 691 

11 605 

33 9^4 

aa 737 

33 064 

H I 


S I] la 

* 58 705 

ai 640 

31 915 

aa 837 

13 041 

•1 8 

* ipjf 

4 so ‘^4 

a 0 454 

*3 SOI 

31 047 

33 861 

33 *56 

II t 


5 t; 

0 486 

33 sil 

33 043 

33 938 

33 183 

II 6 

IPS 

4 50 >3 

a 669 

35 5 '9 

33 850 

33 781 

*3 037 

M 


5 »» »9 

a 650 

35 S 5 * 

aa 90a 

33 841 

31 057 

I* n 

iprr 

4 so ao 

6 418 

39 380 

aa 96a 

33 931 

33 137 



S la i6 

6 )a6 

*9 418 

ago 

33 003 

33 139 

Uean of dailr lunaa v»Iun for initrumoutkl poutioii I 1 

A at both (tationi 

36 33 893 

a 6 33 765 

j6 23 036 



' 

, I P 

W 

33 HI 

33 9S1 

*3 341 

General Mean* 

36 3^ 003 

36 33 873 

36 23 140 

Wbeno* 




JL, - 

III # 

36 33 003 


III t 

>Ly 36 33 006 

1 CorMoUon for Bolatite Penonal Kfluation * *" ) ■’’ * (®n “ 

' - 0 009 

1 

£ 

+ 

0^ 

1 

£ 




• 

7 

ar, - 

16 33 993 

2 

..M 

ALy - a6 32 991 

Agaia 




8L, - 

> S6 33 950 


•L, » 36 33 95S 

1 Oomotioa for B«lat»T« Penonal Bauation ® ^ ) «i 

• 4 " 0 034 


“ 0 . 4 . 




7 



a 

• 0 939 





AI, - 

a 6 »i 974 


A*L, « 36 33 980^ 





« t 



m * 


whence AL « 

4 (AL, + AL.) 

<att a6 22 984 


Ali » ^ 22 987 





« + 0 114 


p se 

+ 0 134 


«• « 

Futalljr AZi as %% 9^5 

p » + 0 104 


ijTijpt Off ^ Pxiwam A»d. 4tK ito «««i nh 









BB718BB imum mvm of ob8«&wio»s 

Bidmium of iho Apparent D^et^nce qf Limg%iudet Aji, emd ihe Moiardudht^ Sipn»k$ p* 




JALFAIGUKI (K), AKD CALCUTTA (W) 


AitmiKnpaioiil 

DitU 

In 

atrumwtftl 

Pofttion 

at 

both 

a Bjr Clock Comp«r»oii8 



Epoch 

bjr 

S Clock 

Corrected 
Difference of 
Obserred 'Dmee 
at Epoch Tg 

Deduced 

Ckiek Difference 

D 

Apparent 
Difference of 
Longitude 
by Stare of North 

Apparent Differenoa of 

Loigttndo by Stars of North Aqifol 
by ObsemUons i»ith 


Stations 


Redact to Stars 
of Koiih Aspect 

Mk 

at Epoch 

T. 

Aepect 

8Ljp - D + 

E Clock 

-•t, -p 

W Clock 

-•14, 

1882 88 


h m i 

m » 

m i 

m i 

M i 

m « 

Doo«mb«r 21 

I P JT 

S «8 33 

+ 0 a? 65a 

t a 937 

i 30 $89 

I 30 507 

1 30 ga« 

l» 


33 B‘ 

*7 839 

a 936 

30 575 

30 51 * 

3® 803 

« 26 

IPX 

l6 BS 

>9 is8 

e 813 

39 9 S 0 

39 881 

*9 948 

» » 

f 

3 * a> 

»9 >S« 

0 819 

39 970 

*9 954 

3® ®53 

„ *7 

t P W 

17 41 

30 399 

0 141 

30 S‘(o 

1 ® 559 

30 637 

.. 

. 

33 B8 

30 466 

0 13s 

30 598 

3 ® S®J 

30 897 

28 

IPX 

«7 38 

30 398 

0 S 9 5 ‘S 

*9 9*3 

39 904 

3 ® 03* 

• 

• 

34 46 

30 40 j 

39 514 

39 989 

^ 30 010 

^ 1® OIJ 

, 29 

I P w 

»7 3 S 

3 J 47 * 

59 0*5 

3® 497 

, 3 ® 514 

30 638 

» 


33 5 » 

3 « 46s 

59 018 

V> 483 

30 49 ® 

30 8?8 

January 2 

IPX 

«7 *3 

33 964 

56 04* 

30 005 

*9 964 

$0 031 

M 


33 40 

33 9*9 

56 038 

• *9 967 

30 0*3 

p 078 

I 

Mean of dailj^ mean raluee for inetruiuental posittoa I P IT U both eUtiOtM 

I 30 547 

t 30 518 

1 30 606 




„ I P I 

,, 

*9 954 

39 956 

$0 037 

Oeneral Kcani 

I 3® *51 

1 30 337 

* 30 J »7 





w t 



SI t 


Wbenco 



•t-K " * 30 *51 

»l 9 r- 

' I 30 377 


Correction for Relatire Personal Equation, 

Bj, -H|, • + 0 017 

8* - H, - 

4 0 017 





ALji » 1 30 

68 

• AL*- 

■ I 30 394 


Again 


• 

81 * - 1 30 * 5 ® 

8L, - 

' 1 30 376 


Correction for BeUtire Personal Equation, 

e 

9 , » Dp - e- 0 < 

>35 

Bp - Hp - 

• + 0 03$ 

• 




ALp • I ;o 38 $ 

AL| «• 

« 

» 1 30 


mi mi 

Wheaoe AL ** 1 (AL» + AL*) o i 30 277 AL » i 30 303 

^ ta + 0 050 P » + 0 040 


M i 

FuuUf AL I 30 290 
p 8s + 0 045 







4*4 


H&EO!ntO-!rBLE&SiPBlC 

JDedueim of the dpp<trent Pifferenoo of hongitudot 4L» and the ftetardatmgf Sigm^t g* 


CHITTAGONa (B), ARD JALPAIGUBI (W) 





By Clock Companions 

c 

By Transits at both Stations 
with the same Clock 

Aifcronomioal 

D»U 

la 

ftnonoDtal 

Poaition 

at 

both 

Spoeh 

bj 

E Clock 

Corrected 
JhlfereDce of 
Obierred Titnei 
at Epoch T, 

Deduced 

Clock Diffareme 

D 

Apparent 
Differenee of 
Longitude 
bjr Stan of North 

Apparent Diffceenee of 
liOB|iiod» bj Stidri of North Aipeet 
bjr Obiemliona with 



gtatiofli 

T, 

Bednoed to Stan 
of North Aepeot 

Mj, 

at Epoch 

T» 

Aepeot 

BCloek 

W Clook 

+8 

1883 



8 <w « 

m $ 

m t 

m t 

m • 

e» e 


IS 

IPS 

7 %1 ai 

— 0 36 610 

t 3 » 738 

II 15 I 38 

11 3497? 

*3 35 13s 

» 

II 

I 

S« 59 

36 748 

I 769 

35 031 

H 97 * 

as 130 

ft 

18 

1 P w 

17 ao 

39 

4 )6o 

34 647 

34 S*« 

34 680 

w 

1. 

II 

5 « 1 * 

39 691 

4 309 

84 618 

H 5*4 

34 840 

M 

14 

IPS 

*7 6 

' 4 « 87a 

6 9*7 

>5 055 

U 957 

as 093 

u 

1) 

I 

51 11 

41 935 

6 96a 

as 0*7 

*4 964 

H *98 

N 

15 

I P w 

»7 5 

44 79 ! 

9 489 

34 694 

84 486 

34 843 

M 

» 

• 

81 9 

< 44 868 

9 530 

34 66a 

»4 5'3 

34 767 

M 

17 

IPS 

1 

49 4*7 

14 449 

as 01* 

84 909 

35 154 

H 

I 

I* 

5a 6 * 

49 »97 

>4 467 

as 170 

34 89a 

85 193 

H 

18 

I P w 

86 j 9 

5a n6 

16 786 

34 660 

H 533 

94 779 


II 

^ •• 

8» 4 

5a 870. 

16 8)1 

34 Sb* 

34 49a 

34 831 


Maan of daii; wean valuea for inetmneiital poiiUon / P 27 at botb etations 

13 35 069 

13 34 94 S 

13 35 no 



•• 


I PW „ 

34 640 

34 S«o 

34 789 

Gfltteml Mean* 

>3 »4 83S 

13 34 7*8 

11 34 970 



Whenoe 



f 

M t 

8L^ - I* *4 8tj 

SLh- 

«» • 

13 34 849 



Cometion for Belatire Pereonal Equation, Hj^ - 8jf • <• 0017 

Hi, - 8, - 

- 0 017 






ALjt ** >3 34 838 

aLj - 

13 34 833 



Agau 



3 L, - II 34 8)5 

IL, - 

13 34 839 



Correetioa for Belatiro Penonal Equation, Hg - 8| - 0 0)5 

fl, - 8, - 

‘ - 0035 






- I* *4 600 

AL| *■ 

*> ^ 794 



Whence 4 L as 

4 (AL» + AL, ) 

m t 

» 13 34 819 


All at i>. 

^ 9 

* *4 813 


p w + 0 104 

*» t 

Finally 4L a ist 34 8i5 
p » + 0 113 


AL ax 13 94 813 

p SB + 0 131 






JOSBUliTS OF AMi 0BS8EVAT1027S 

pf the A^^ent Jhfferenee fif Longtiudet AL, omd the JSteiaedeUm ^ Sigmk^ ^ 



CHITTAGONG (E), AKD CALCUTTA (W) 



In 

• By Clock Coinpan«ont 

By Tmnaita at both StaUona 
irith the nahie Clock 

AatiPMisicftl 

!)•(» 

in 

stramontol 

Toaitihi 

at 

both 

Spoeh 

by 

Saoek 

Gorreoted 
Piffarence of 
Obserrad limse 
atEpooUTu 

Psdttcsd 

OloiHi Differenoe 

D 

Apparent 
Difference of 
Longitude 
by Stars of North 

Apparml Difftronot of 

Longitude bj Stall of North Aipeel 
by Obserratioai with 



Btations 

Tn 

Beduced to Stars 
of North Aspect 

Mk 

at Epoch 

T, 

Aspect 

5L„-D4M, 

NOIool 

- 8Lii - p 

WOoek 

• IL* +P 

186S 



k m $ 

N t 

ai « 

ta $ 

m e 

as • 


28 

IPW 

8 0 26 

- 0 4 7U 

13 39 698 

<3 54 984 

*3 33 036 

13 31 001 

H 


» 

17 34 

4 7»4 

59 670 

54 948 

84 9»9 

54 97* 

H 

84 

1 PE 

a to 

0 88( 

56 271 

55 190 

85 *63 

51 403 

•• 

I. 

M 

*9 4 

0 847 

36 228 

55 381 ^ 

35 3*3 

18 454 

II 

2S 

IPW 

* 5 

+ 2 273 

32 650 

84 9*1 

54 9«5 

83 040 

I* 

H 

n 

19 24 

a 130 

3* 6*3 

54 945 

34 883 

55 0*4 

» 

26 

IPS 

* 5 

6 094 

49 **5 

55 *'9 

• 85 **7 

55 315 

•» 

M 

II 

*9 37 

6 201 

49 089 

S3 *9« 

, * SS 149 

• 55 376 

» 

88 

IPW 

I S8 

12 430 

42 642 

55 072 

^ * S3 035 

55 '8* 

M 

I 

» 

19 32 

12 463 

42 606 

55 069 

83 07* 

55 144 

N 

89 

IPS 

1 SS 

>S 3*0 

40 026 

SS 346 

83 *»> 

55 378 

M 

» 

I 

*9 30 

*6 3«S 

39 993 

53 308 

53 *4* 

55 185 

II 

80 

IPW 

I s» 

17 661 

37 4»f 

53 081 

55 057 

55 *78 

H 

I 


19 27 

>7 748 

37 386 

55 ‘14 

55 003 

55 «S« 


Mean of daily moan valuM for inatrunieiiUtl position I P 

W at both stations 

>3 53 017 

»3 54 990 

13 55 063 





» I ^ s 

s 

53 3*3 

35 »7» 

55 38* 

Geturtf Meunt 

>3 53 170 

*1 53 «3« 

11 55 *33 



Whsnoa 



•I-ir - *3 ^3 

• 

170 

. •I'K- 

w « 

*1 55 »8* 



Gorroction for BolatiTO Personal Pquation, 

” S* - “ 0 

017 

% * s* • 

- 0 017 





t 

aLk - 13 55 

«53 

All, • 

13 55 ‘65 



Again 


• 

- *3 55 

160 

SL, « 

15 55 17** 



Gorreotion for fialatiTe Personal Eqnatfont 

H, - 8, • - 0 033 

H. - 8 . - 

- 0035 






Al» * 13 55 >*5 

Altg "• 

13 SS *37 



Whence AL » 

MAL, + AL.) 

» *3 55**39 


M « 

AL « 13 55 151 






W + 0 071 


f> * *f 

0 051 





M $ 

Finally AL « 13 55 145 








p m 0 061 











qf the Jppmnt Difference qf DcnffimCt AJj, and the Metardatm cf Siffnede^ p* 


CALCUTTA (E), AKD PYZABAD (W) 


By Traiuits at both Stations 
with the same Clock 


ipp»r«nt Differraceof 
Iiongitttdfl bj l&Mft of Borth Aipe<A 
bf ObMrratoo&i with 

B Clock W Clock 

•• »Lir ~ p - «L^ + p 


istrSiMMiie*! 

Pito 



By Clock Companions 

* 

In 

strumental 

Foiitiofl 

St 

both 

Stations 

Bpoob 

t»7 

B Clock 

T, 

Corrected 
Difference of 
Obsorred limes 
at Bpooh Tg 
Beduced to Stars 
of Borth Aspect 

M* 

Dednoed 

Cloek Differenoe 

D 

at Epoch 

Ti 

Apparent 
Difference of 
Longitude 
bj Stars of North 
Aspect 

tLg • D 4 If j, 

1883 



Amt 

« f 

m s 

m t 

Fcbruoiy 

8 

IPX 

9 4« 3* 

+ 0 jo 710 

H a 096 

84 88 806 

« 



10 1 38 

30 81 1 

a oai 

88 833 


9 

1 P w 

9 18 58 

58 <»3» 

»3 56 9>9 

8* 58' 

li 

10 

IPS 

9 37 »8 

1 0 81 1 

8> 993 

88 803 

» 

» 


10 1 II 

0 89s 

S' 9'3 

58 805 

» 

11 

I P w 

9 4J 101 

5 *04 

47 448 

58 858 

1* 


.» 

irf 1 , 36 

8 >54 

47 381 

88 538 

« 

18 

IPS 

9'4» a9 

la 741 

40 018 

88 759 

•> 

ti 

. 

«o I 35 

» 85s 

39 9<>7 

S3 8aa 

»r 

14 

I pvr 

9 4« »8 

16 18a 

36 39> 

88 5/3 

» 



10 1 iS 

16 19a 

38 34a 

8* 5H 


Ucftn of dkiljr iQMn toIum tot instrumental position I P 

E at both stations < 

i 

84 5* 805 



' 


I P 

r „ 

S» 549 

Gcaerol M«»ni 

34 5* 677 






m s 




VTbenco 



SLjg - J4 ?a 677 



OoiTwtion for Belitive Fenonal Equation, * B, 

- - 0 017 






- 84 sa 6 

«o 



Again 



81^ *■ 14 3 * < 

«a 



Oorreotion tor BeUttre Personal Squalion, H| 

1 - Sg • - opjS 






ALg - as $a 647 






m • 




Whence AL as 

i(ALg+ ALg) 

a 24 52 654 






P 

- + 0 075 



»L^ - 34 S* 691 
% - 8» - - 0 01? 

Ahji - »4 5 > 

tl'a - H S» M 
Hg - Bg - - 0 ojj 

•• i «4 S> 661 

m $ 

AL as 24 52 668 

p as ^ 0 058 


Fmallf AL » 24 52 66x 
p w + 0 067 








SBTt?*® ABtOSACI Of SWTn.ni OT Alt OSfflSTATIOHB. 
ef tke dfpmmt D^mnet ^ ImgUude, AL, anA <t« JietofdaMw ^ /> 


CALCUTTA (E), lUBBULPORB <W) 


j » By Clock Compamona 


Abtroaonical 

Data 


CorrMiod 
Dtfferosoa of 
Obaerrod TimM 
at Epoch T|| 
Bodue^ to Stan 
of North Aipoct 
Mjf 


Oodueod 
Clock Diftaronoa 
D 

at Epoch 

T. 


JLpparaat 
Diffanaea of 
Loniptitda 
b/ Stan of North 
Aapaot 

ili, « O <(■ Mj, 


1 

zz 

IP r 

k m i 

10 0 17 

M i 

- 0 7 574 

m t 

33 45 095 

.. 

.. 

16 18 

7 $09 

45 » 3 S 

as 

TPS 

0 16 

10 491 

48 888 

H 

, 

16 17 

10 489 

48 3«9 

24 

IP JT 

0 IS 

»3 647 

51 885 

» 

.. 

17 49 

>3 793 

5« 3*8 

28 

TPS 

0 9 

89 1 55 

34 7 ®*S 

II 


16 10 

89 319 

7 064 

2 

IPW 

0 7 

3 j 7 «o 

13 *95 

II 


16 8 

35 <>39 

13 3»< 

8 

IPS 

II 

18 13 

38 617 

16 49* 

*>< 

0 

3 

1 

§ 

3 

1 

a 

1 

1 

a 

r at both stations 


«i « 

Whence * - 33 37 7*0 

Correottoa for Belatire Personal E^Tiabooi Hj; - 8]| * - 0017^ 

At, - 3? 37 703 

A«am « , »t, - 33 37 7»3 

Ooneehoa for Balatire Personal Bqiiatioii, E, - 8, - 0 035 

a 

At, - 33 37 


w t 

Whexuw AL » I (Ali, + AL, ) as 33 37 697 
p as 4- o 091 


mi 

finally AL » 33 37 70a 

p « + 0 083 


By Traniits at both Statio&a 
tnth the ajune Clock 


Apparent IhiertBoe of 
LoD|itads by Stars of Koith Aspsoft 
by Obserfations with 



m 

t 

AL SB 33 

37 705 

P SB + 

0 074 










41 ? 


mxomo-mmwmf) wmamm. 

Deineium <(f the Apparent D^erenee <jf Xiengitude, hit, and the Metardoticn Signed, ^ 


PyZABAD (E), A»D TOBBUIiPOKE (W) 


n 




By Clock Compansonf 



< 

By Tranntt at both Stations 
with the iame Clock 

AitrMiosiiMl 

Bai* 

to 

itruttiental 

PoitUon 

at 

both 

Bpooh 

by 

X Clook 

Corrected 
Difference of 
Obeerred Timei 
at Bpooh T, 

Deduced 
Cloek Difference 

D 


Apparent 
Difference of 
XiOngitude 
by Stars of North 

Apparent l^erenoe of 

IiongitOde by SMh* of North Aapeet 
by Obeerrationa mth 



Stationa 

Tl 

jBedncod to 8 tan 
of l^orth Aipeot 

Mk 

atBpoeh 

Tn 


Afpeot 

8 L, -D + M, 

B Clook 

- 0 t,-p 

W Goek 
- 8 t, + p 

1680 



\ m t 

m $ 

M t 



in t 

M e 



m « 

ICwob 

14 

Its 

10 4O a? 

0 ay 931 

9 9 »?» 



8 45 as* 

8 45 *37 



8 45 a6e 

II 

It 

It 

11 14 S8 

*4 073 

9 3*0 



45 *47 

45 >76 



45 *44 

II 

IS 

I tw 

10 so 39 

3 * 9«9 

16 846 



44 9*7 

44 836 



44 983 


I. 

II 

» J 3 4 

3 » 047 

16 958 



44 9 " 

44 9 » 



44 986 

» 

10 

IPS 

10 so 44 

* 39 ao8 

>4 tSa 



45 *44 

45 tot 



45 *48 

II 

>1 

1. 

11 13 9 

39 *75 

*4 484 



45 ‘89 

45 >07 



45 **3 

H 

11 

I PW 

>0 SO 50 

47 06s 

3a 07s 



45 010 

44 9*8 



44 980 

w 

1. 

II 

II 10 40 

* 4; a 37 

3a 17a 



44 935 

44 833 



44 993 

II 

18 

IPX 

10 SO, 8S* 

S 4 563 

39 780 



45 ai7 

45 >8? 



45 33a 

N 

.1 

I. 

11 la at * 

54 64' 

39 890 



45 »49 

45 301 



45 » 4 ? 

» 

19 

I PW 

10 S' ' 

t a 384 

47 asa 



44 898 

44 785 



44 963 

I. 

I. 

II 

11 la ij 

a 49 V 

47 36a 



44 868 

44 870 



44 997 

II 

SO 

IPS 

to s> 8 

9 578 

• S 4 7 S 7 



45 >79 

45 >46 



45 as? 

N 

II 

II 

tt 13 31 

9 8a3 

84 871 



45 *48 

45 >38 



45 a6o 


Vena of duly mean Talues for inilrumental pouUon J P Jt at both ttaiiona 



8 45 ai6 

8 45 163 



8 45 *58 



‘ 


I. 

^ » 



44 9*5 

44857 



44 979 

General Meuia 

8 45 071 

8 4S 010 

8 45 >>9 



Whence 


• 

m 

a, - » 

< 

4 S 071 


3 L, 

_ 

m « 

8 45 084 



Oorrectioa for Eelaitre Pereoaal Squatios, 

1 

1 

0 017 


H,-S, 


- 

- 0 017 






At, - 8 

45 054 


At, 


- 

8 45047 



Again 



0Lp - 8 

45<«8 


»t, 


8 45061 



OorrooUon for BeUbre Penonal Bquationt 

H, -8, - - 

0 03 S 


He- 8. 

- 

r 0 03s 






At| - 8 

45 033 


Atg 


- 

8 45 036 



Whence AL a 

HAL, + AL.) 

«i « 

« 8 45 <H 3 



AL a 

m 

H 

45 037 






I a 4 * 0 048 



p a 

•f 


0 °S 5 


t* « 

liaally AL e 8 45 040 


f ■• + o 054 










BBVISB3) ov tBsmm o» jojl owsWAf loirs 

2kd»cH(m tsf the Apparent <jf ImfftMe, AL, and ike jReiardatnm qf Senate, pi 


FYZABAD (B), JLND AGRA (W) 





• By Clock Compansons 

By TrMisitt at both StaUoni 
itiih the same Clock 

Aitecmomioal 

D«i« 

itromental 

Poalbon 

at 

both 

Epoch 

by 

Corrected 
Difference of 
Obeerred Timea 
at Epoch Tg 

Deduced 

Clock Difference 

D 

Apparent 
Difference of 
tongitudo 
by Stare of North 
Aipeot 

St;. • D 4 - 

Apparent Diffeienee of 
tongituda by St«m of North Aipcot 
by ObewratioBi entii 



Statiooa 

T* 

Bedooed to Start 
of North Aiqwct 

M* 

at Epoch 

T, 

BClook 

-8L. -p 

W Olook 

« Sty + p 

1888 

Muroli 

28 

IPS 

h n t 

n s8 3a 

m t 

•f 0 ao 591 

M t 

16 7 479 

M 9 

16 38 070 

M 9 

16 17 988 

m f 

id ai fid 

.1 

I 

. 

la 17 aa 

ao 645 

7 467 

38 na 

*7 959 

>8 131 

» 

28 

I P w 

“ S 9 58 

ai 360 

6 714 

>7 974 

»7 9*5 


» 

.. 

. 

la 18 34 

ai ti4 

6 69a 

87 906 

*7 883 

*7 97 * 

» 

80 

IPS 

n 58 10 

32 318 

s 740 

a8 068 

18 033 

a8 aea 

II 

19 

u 

la 17 36 

aa 399 

5 738 

>8 »37 

18 oa8 

38 aoa 

I. 

81 

1 P w 

II S7 0 

aa 731 

5 174 

97 905 , 

*7 769 

37 9,7 

>9 

99 

.. 

la 17 39 

aa 739 

5 M 9 

V7 87^ 

. *7 780 

^ *7 9 «J 

Apnl 

8 

IPS 

ri 38 $6 

*5 <>59 

* 483 

aB 12a 

• 18 031 

88 134 

>1 

91 


la 17 S5 

*5 747 

* 453 

38 aoo 

88 083 

38 173 

fj 

4 

IP w 

" 59 5 

a6 601 

« 3*5 

a; 926 

• 37 835 

87 900 

99 


' » 

la 18 I 

«<> 573 

i 301 

. 

* »7 874 

37 796 

*7 9 *S 


Mean of daily m«aa valuei for initrumenlal poution / i* J? at both atationf 

16 18 118 

16 38 oao 

id aS 176 





II P P 

r , 

37 910 

37 830 

»7 941 

Qenenl Ifetni 

16 18 014 

16 37 935 

id a8 odi 



Whence 



, fli # 

8L]f «• 16 38 014 

SL, . 

m 9 

- 16 87 993 



Correction for Belatire Peraonal Equation, H 

. — 8j( •• + 0 007^ 

H,-S, . 

- + 0 007 






Ahg «• 16 18 031 

AD]f «» 16 a8 000 1 



Again 


• 

St. ^ 16 a8 046 

St. 

- 16 38 035 1 



Correction for Belatire Penonal Iqnatioa, ^ H 

, - 8. - - 0 058 

H. — 0. 0 058 1 






At. - t6 37 988 

Atg 

- id 37 9d7 



Whence AL ax 

J(AL,+ AL.) 

m 9 

at 16 28 005 


m 9 

AL ss 16 27 984 





P 

88 4- 0 038 


P « 

4 - 0 068 


M « 


Finally All » i 5 37 995 
F » + 0 053 







JDedue(i<m qf ihe Apparent Difference fff Zongtinde, /Xh, and the Metardedm cf S^pidlu ^ 


AKYAB (E), ASJ> CALCUTTA (W) 


I I By Clock Compansoni « 


Astronoiale^ 

X)aU 

Instrumental 



Position 

at 

Bpooh 

by 

Corrected 
Zhfference of 
Obserred Times 

Deduced 

dock Difference 

Ajqnrent 

Differcnoeof 

liongitode 


S 

w 

B Clock 

Tj 

Beduced to Start 
of North Aspect 
Mk 

at Epoch 

T» 

by Stars of North 
Aspect 

«^-D + M, 

1888 



h m » 

i» * 

M S 

m I 

KoTember 27 

IPX 

IPS 

4 *3 IS 

■f 0 It 036 

17 58 767 

18 9 803 

» w 

It 

I, 

4* 4* 

11 o ?9 

38 767 

9 846 

Peoember 8 

j p r 

It 

5 »S 8 < 

17 663 

3* 738 

9 400 

U ,1 

„ 

M 

39 Bl 

17 758 

31 7*6 

9 484 

.1 0 

II 

I p jr 

IS 51 

18 336 

30 877 

9 *33 

H It 

» 

II 

‘*9 31 

18 308 

30 866 

9 174 

H 10 

IPS 

M 

»S «» 

j 8 868 

30 354 

9 333 

» 11 

,1 

II 

39 31 

18 944 

SO 349 

9 393 

.1 11 

II 

IPS 

, M S» 

19 13 * 

SO 39 a 

9 343 

II II 

•1 

II 

«9 V 

19 318 

SO 19 a 

9 610 

« U 

I P w 

M * 

13 5 » 

j 8 648 

SO 784 

9 43 a 

II It 

H 

•I* 1 

^ 39 3 * 

18 831 

SO 789 

9 610 

II 18 

II 

I P w 

13 33 

18 037 

3‘ as« 

9 388 

*1 n 

It 

V 

*9 3 * 

18 038 

SI 2$0 

9 388 

1 . u 

IPS 

II 

13 S3 

, «7 171 

51 488 

9 a 6 s 

u u 

»* 

II 

*9 3 a 

J? 9*3 

SI 488 

9 411 


By Transiti at both Stationa 
vith the same dotk 


ICnn of doily moon volooi for initranentol poiition I f »t both station* 

H M / P IT at B Station and J P if at W Station 

M II / P IP at both stations 

II II / P if at B Station and! P TP at W Station 


Whsnof I llijj • i 8 9 43* 

Oomotioa for KelatiTa Personal Equation, Hj, - B,i ■> -f o 008 

r~“ 

Ali|, «■ t8 9 440 

Agoin 8L| <• 18 9 404 

Comotion tor Belatire Personal Equation, Hg «-• 8^ •• - 0 019 

- 18 9 3U 


Whottoe AL m | (AL^ 4 - AXig } » 18 9 407 
pm + 0 056 


Apparent DifSerenee of 
IiMfitade by ^tars of i^orUi Alpeet 
by Obienratione tnth 


m i 

m « 

18 9 639 

18 9 799 

9 H* 

9 839 

9 366 

9 4a6 

9 331 

9 48^ 

9 OSS 

9 i«7 

9 183 

9 atS 

9 188 

9 197 

9 143 

9 300 

9 438 

9 716 

9 513 

9 710 

9 458 

9 336 

9 Sao 

9 O19 

9 118 

9 3»8 

9 366 

9 3*8 

9 too 

9 39» 

9 >93 

9 333 

18 9 561 

18 9 764 

9 4*4 

9 518 

9 153 

9 a6s 

9 306 

9 33® 

18 9 337 

*8 9 473 


m « 

tL„ . 

■ 18 9 406 

“ s* ' 
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ELECTRO-TELEGKAPHIC LONGITUDES 
PART IV. 

SIMULTANEOUS REDUCTION 

AND 

FINAL RESULTS OF THE WHOLE. OF THE OPERATIONS, 

t 

ALSO 

A SHORT DISCUSSION ON LOCAL ATTRACTION. 




CHAPTER I 


THE FINAL EEDUCTION OF THE AEC8 OF LONGITUDE 


The arcs of longitude, contained in this, and in the preceding Volumes IX and X, extend in 
a network over the greater part of India from Peshawar in the noith to Cape*Comonn in the south, 
and from Quetta in the west to Moulmem in the east, as will* be seen from the chart m Plate V In 
consequence of the measures of these arcs hemg fallible, the difference of longitude of any two stations 
connected in different ways by two or more arcs, will vary according to the arcs selected for the connec- 
tion Hence it is necessary to undertake the simultaneous reduction of them all into one harmonious 
whole, and the particulars of this reduction aie given m detail in the present volume By the ex- 
pression “one harmonious whole’* is meant that whatever selection of arcs is taken as a route to jom 
any two stations, the resulting difference of longitude of those two stations is always the same 

The operation is a far simpler one than the corresponding reduction m the case of the triangula- 
tion and base lines, partly because the number of qui^titiel to be dealt with is very much less, but 
chiefly because the conditions to be fulflUed are fewer and simpler there is in ^ct only one condition, 
and that is, that the so called “cu’cuit-error” of every triangle formed by three arcs of longitude should 
be equal to zero , for it is obvioua that if this condition hold for every triangle in a network, it will also 
hold for every polygon formed in any way whatever of such triangles Hence it follows that, in a 
simple network of triangles built up omS upon another without any crossing or superfluous rays, the 
number of equations to be solved wdl be equal to the number of triangles In the network reduced in 
this volume there is only one case of a superfluous ray, and that is in the quadrilateral Agra-D^esa-* 
Eurrachee-^Mooltan, where both diagonals have been measured , the whole problem resolves itself into 
the solution of thirty-one equations containmg fifty-five unknown quantities, n hich equations are to be 
splved in such a manner that the sum of the squares of the corrections to the arcs is made a minimum 

In evmfy triangle formed by three arcs of longitude, if the work is perfectly performed, one of 
^e arcs must eqmd the sum of the other two, the difference from equality m called throughout the 
description of longitflde work in India the ** circuit error ** of tlie triangle Of the three Stations forming 
the angidar points each a triangle, one must necessarily be to the east, one to tho west, and the third 
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lying iometrtoe between these two, (exoludmg the possible though exMoMHy iml 0 c^ eeset^mofe thi^ 
one of the stations being on the same meiidian) In the schedule of equations i^ren in Tnile IXJt 
the two arcs containing the nuddle station are written with the posiUTC sign, the third arc, m , the one 
jommg the extreme stations, is written with the negatire sign , and hence the idgebram sum of the 
three gires the numencal yalue of the oirouii*error as the nght-hand member of the equation* 

It w&I be noticed that this system of reduction takes no account of the weight of each arc, 
and it will be advisable to show here, why it was believed that the rejection ot weights, or, more 
correctly speaking, the assumption of equal weights for all the arcs, was justifiable Bnefly stated 
the reason was that the only data available for computing the probable error of an arc (on the 
reoiprooal of which the weight depends) produced probable errors so small in comparison with 
those that were ehown actually to exist by the circuit equations, that it was clear that some cause of 
inaccuracy was present, which prevented the formulas employed for determinmg the probable error from 
representing even approximately its true value The usual system of computmg the probable error of 
a quantity that has been determined by a number of independent measures, is by a discussion m some 
form or other of the residuals, or m other words by a comparison of each individual value with the mean 
of certain groups or sets m which it occurs but la the ease of these arcs of longitude the following 
difficulty arises The assumption of a mean Oq for observations m both pivot positions, as explamed in 
Part III, results in the same final mean whatever the actual assumed value of Co may be, ♦ ^ , whether 
Co be taken at o, lo, 20 or any other magnitude, the finally concluded value of the arc will, so far at 
least as it depends on eollipiation oorreotion, remain the same the effect of an error m the adopted 
value of Co is that th^ measures in the different pivot positions will be more or less divergent, thus 
giving rise to a largo probhble error if computed from the residuals by the usual method, though the final 
mean will be unaffected Hence it follows that the discrepancies which appear between observations 
I JPJS and I ^ Wt so far as they are caused by an erroneous Co, should not be allowed to have any 
effect in decreasing the weight of an arc Practically it is not possible to ascertain to wbat extent dis- 
crepancies of this sort are due to this cause, 01 how far to other causes which might reasonably be 
supposed to justify a decrease of weight, and obnsequently any attempt to base the weight of an are 
upon considerations of this kind seems impracticable For although a weight form might perhaps be 
designed to take account of these discrepancies on a system analogous to that by which the angles of 
the tnangulation are weighted, the difference of each observation on any night from the mean of that 
night corresponding to the errors of one ^ero, and the differences between successive nights corres- 
ponding to the errors of aero means, yet it appeared so doubtful whether any weight thus deduced 
would give any true idea of the relative accuracy of the arcs, that the idea was abandoned, and all the 
ares have been assumed to possess the same weight 

These longitude observations furnish another instance of the well-known fact that if groups of 
measures of a certain quantity are made at different times, hut under exactly the same apparent condi- 
tions, and with the same instrument, such groups will differ by quantities which appear surpnsmgly 
large, and impossible to bo accounted for The results obtained from night to night, under the same 
conditions as far as pivot position, clock, relays, stars, observers, &c , are concerned, show considerable 
discrepancies, much larger m faot than can be attnbuted to went of skill or care m the Observers 
Changes of pivots may naturally be expected to produce, and do produce, marked fluctuations m the 
measures, more marked mdeed than those alluded to above, yet these latter are by no means insignificant* 

An attempt was made to obtain a relahve weight for each are without any regard to its computed 
probable error in the following way For each arc the following data were preparedj ( 1 ) the difference 
between its greatest and least value, or the range over which all the measures were distributed, and (fi) 
the number of stars on wbioh the are depended The value of p, the ^ectncid retardatlmi, fqr each are 
was added to all the observations I PJi? and subtracted from all those before the range was 



vmn. wm mu m isoire»em>x. 




Aiiiifc 


It Wl« kmA that th«» t#o qt^ai^iiii^ Tunad between iwin^enitiTel^r nenfeir litnit* lit}® 
1^ tire aeei ohtetted ; and henoe it foilowt that if the erreira are distributed acoovdiisg to ihe 
ef the ]pirebabih^ eum,— ^nd there is no &prM imj^babilit^ in such a suppositjon-^thot the veletitre 
weights of s^ the iMfos will also tary between narrow limits The first of Sie two abo?e meatlondt 
quantities approxiniates pretty dosely to o^ 5* and the second to 180 An obnoue objection to this proi 
oeeding is that the range^ though not the aoouracy of the final Tajiue of an aro, is affected by an errot 
in the adopted value of Cq as explained above 


An empinoal formula for the relative weight was deduced from these data by dividing the numh«r 
of stars observed by one hundred times the range, this however produced weights, as might be expected, 
varying so little from equality, and so closely proportional to the number of stars observed, that it was 
considered an unnecessary addition to the labour of reduction to apply them It is satisfactory to observe 
that the close agreement of these two quantities m all the arcs that were examined, affords a strong 
justification for the assumption finally made in the reduction, viz , the equal weight of all the m^es that 
enter into it. 


Personal equation might reasonably be sn]^posed to have a considerable effect on the final oon» 
eluded value of an arc, being liable to fluctuations which are often obscuio, and incapablo of being 
controlled moreover error m this equation enters mto the result with its full value, and does not admit of 
oancelment, except partially by interchange of observers The weight of an arc might reasonably be 
made to depend on the uncertainty, or variability, of this equation, but here a difficulty comes in Per- 
sonal equation is generally measured three times at least, and often more^ dbring a season’s work now if 
its value vanes from time to time, the only practical assumption is that it wrids uniformly^ and it has 
been the custom to compute its value on this supposition , so that the only avaikible system of applying 
weights based on personal equation would be to give an arbitrarily low value to those arcs dunng which 
the equation was varying quickly and vice veied, but it could not be expected that such a system ^ould 
command any confidence, nor would it justify the extra lalmur which it would entail m solving the 
equations of condition 

If an attempt be made to obtain a probable error from the consideration of residuals, as furnished 
by the observations on each single night, or from groups of observations dunng which no change of 
pivot IS made, it will be found that a probable error thus deduced will be absurdly small in comparison 
with the circuit-errors The influence of erroneous estimation of the moment when a star crosses a wiie 
is extremely mmute, for m the case of a single wire the probable error of the estimatiQU amounts to 
only o* 04, and for the eleven wires over which a star is usually taken, to only about o' 01 , and as from 
one hundred and eighty to two hundred stars are generally observed on each are by each observer, it 
seems obvious that errors resulting from this cause must be utterly insignificant* 

There is yet another source of error remaining, which seems at first sight as if it might be made 
a basis for assigning relative weights to the arcs, t e , the value of />, which is the electrical retardation^ 
pr, to speak more exactly, half (he differonce between AL as determined by the E and by the W clock, 
respectively Now the velocity with which an eleotno signal is transmitted along a wire is by nd meads 
accurately knowui there 1^ however, an empirical formula in use by the Prussian Geodesists as 

fss 000,0120 m-f 000,000,0081a* 

where f is the time of transmission m seconds of time and m is the length of the wire in miles, but it is 
not known what reliance can he placed on its correctness Now in most oases there is no difficulty in 
ascerti^in|f^thin small limits the length 0! the wire connecting two stations, and it has been 
iouiffi in etary case that p exceeds (he value of f as calculated from the abqve formula , this excess 
.pan only bo attribated to armature-iime in the various relays used on the ocinmutatcv^board It is by 
mei^ or any cf this armature-tune is cancelled m tbe^ mcmi of the ebservatiems 
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twQeb^^iii^ o^tstondmg portion of liooome o po«ilfci^aooiN»® 6 ( 

In the MdttUlnf mue of the «ro Still ^ aoeomte Ibibimg ofitel the eSMe el ormtoo^^M 
«]1 the 8fpexn^^> pid€ page (%t), Appendix, TolttsmX» learee to much doiibt on this point, mtl m nti^ 
open to mere iu^oeltion, that at the most a meie airbitmry weight could be asBgned heii% lome itoplo 
fanotion ot the diference betareen the theoretical and the actual p aM although it seems probhhlo 
that im ahnmal value of p may very reasonably be supposed to mdfoate an untrustworthy am, no 
iatiifaot<npy system of assigning a weight based on such a consideration has been devised A brief 
oeis^en on the value of retardation as deduced from the whole of the Indian longitude operations trill 
he found in Appendix No 2 of this Volume 

A doubt was suggested at one time whether errors in the places of the circumpolar stars 
used m the determination of the deviation of the transit instruments from the mendian, would have 
any appreciable effect It is obvious that if the two instruments are on the same parallel of latitude, 
and the same circumpolar start used at both stations, no effect can ensue , hut in some cases the stationa 
differ largely in latitude, and an mvestigation was made which completely banished all suspicion that 
any bad effect could be thus produced In the case of the arc Bombay~Kurrachee (two stations having the 
greatest difference of latitude of any pair yet observed) it was found that an error of one second of time 
In the Bight Ascension of 8 U^s® Minoris or 61 Cephei (which were taken as typical circumpolar stars) 
would only produce a difference of deviation in the two instruments of ^ of a micrometer diYision, a 
quantity entirely rejeotaneous m the correction of transits of longitude stars for azimuthal deviation 

These considerations, taken in conjunction with the fact that the circumstances under which eachr 
are was measured, were made as similar as possible, as far as the number of stars observed, the pivot 
changes, the arrangement of the electrical apparatus, Ac , were concerned, seem to justify the assumption 
of adopting an equal weight for all , and this has accordingly been done in the simultaneous reduction 

The numerioal redaction can for the most part be presented in tabular form 

In SMle JVb / 18 given a list of the flf ty-flve arcs, which enter into the reduction, with their observed 
numerical values For oonvemenoo of computation a distinguishing number (m brackets) is allotted to 
each Tabu II contains the thirty one circuits formed by these fifty five arcs with their numerioal 
errors Bach oircuit is expressed symbolically by the numbers of the arcs forming it, and is also dis* 
tinguiihed by a Boman numeral 

The correction to each arc being symbolised by the letter x with a subscript corresponding to the 
number of the arc to which it appertams, thirty-one equations are formed in which the left-hand 
member oontains corrections corresponding to the several arcs in the equations of T(»ble XT, and the 
right-hand members are the same as those m that table, but*witb the signs changed throughout These 
equations are exhibited m Table III, and have now to be solved subject to the two following conditions, 
(1) that each equation shall be exactly satisfiied, and (2) that the sum of the squares of Xi, Xp Xp Ae. 
shall be a minimum To efieot this the following well-known process is employed —Bach equation is 
differentiated, and the first is multiplied by an indeterminate factor /j, the second by /j, the third by /i, and 
so on The equations thus formed are added together, forming a resulting equation m which the co« 
efficients of dsp dxp dxp &o , consist of the indeterminate faotors/i, fpfp&o, connected by addition 
and subtraction only If the equation x-^ <4* 4* x^ 4* dto , ^ Tninimum be also diffeimitiated, 

coefficients of dxi, dxp dxp Ac , m the result be equated to those of dxj, dxp 4xp in the i<xtm.et 
equation, a set of values of Xi, XpXpSbo,k obtained m terms of the indeterm^te factors. Table IT 
gives a synopsis of the values of s;|, Ac » thus expressed. 

These values being then subsUtuted in the wt of equatloiis in Tahk m produce OiiriymM 
equations between thirty^mo unlcnown quantiUes A A dsc , which are exhllfiled in Tem K, 
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tli« Tilm 

at TXtM^ thw Miig imlM#DiW 

kf#^irfolmishilietaliiMof ^gimu Table rjj, whidliwiUte found to follOi^ 

table VXU is inssrted io proro the acoiuaoy of the numencal mtk hf actual suhsUtol^ 4^ 
ihie oomputed Taloes of /and s m the original equationi, and lastly m Table IX are shown the oorreoted 
Tadtt6ieftheieTeralarosaswella8thegeodetioTalues,and ioomparison between the twoji gifeu iit 
the last eolumn. 

It wiU he noticed that the ceorieotioiu are iatisfactorily8maU,outof thefifty 4 Tetheieiie 

I e 

19 between o ooo and o oio including the latter Talue 
17 „ o OIO „ 0 oao „ „ „ 

10 It Q 040 11 O 030 „ ji }i 

6 II o 030 II o 040 ,1 II II 

8 „ 0 040 „ 0 045 ,1 »* I ” 

As the longitude from Greenwich of Kalianpuri the ongm of the Indian Surrey is still liable to fhrthes 
small oorreotionsi it has not been thought necessary to giro any table of absolute longitudes of Indian 
stations I they can however be obtamed very approximately! if requir^*by taking the longitude of 
Kalianpur in Table IX at 'jf 39' ax'" 83 or $* 10” 37' 455 E of Qreenwi^i and*mfdang the necessary 
additions or subtractions 
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Table VI -—The Vataee ef the Jndetermiaate jPaetore. 
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Table VII -^The Valuet of the Arc- Corrections 
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CHAPTBE II 

ON LOCAL ATTEAOTION AND THB EVIDENCE FOB THE NECESSITY OF CHANGES IN THE 
ADpPTED ELEMENTS OP THB BABTH S FIGUEB 


If the true figure of the earth he an oblate spheroid it w obvious that correct measurements 
of arcs of the meridian, combined with a knowledge of the astronomical latitudes of the terminal 
stations of the arcs, would suffice to give its f Drm and dimensions But the diverse results obtained 
from measurements of this kind m various parts of the globe prove that this supposition is untenable 
Perhaps one of the greatest difficulties that has to be encountered is that known as local attraction, 
or a deviation of the plumb-line from the vertical caused (generally though not invariably) by the con- 
tiguity of mountain masses As the determination of astronomical latitude depends on the direction 
of the plumb-line (or what comes to the same thing, the position of the bubble in a spirit-level) any 
error m this direction, resolved along the mendian, produces a corresponding error m the latitude, 
and such erroneous latitude taken in conjunction with linear measures will fail obviously to give the 
true meridional curve A similar difficulty occurs in arcs of longitude, because, owing to local attrac- 
tion either the bubbld of the level employed in levelling the axis of the transit instrument is displaced, 
or the surface of the mercury used for levelling by reflection of the wires m th© eye piece becomes 
inclined to the horuon, according to the method of levelbng employee , and an error m the times of star 
transits is thus introduced , hence measurements of this kind produce contradictory results a study of 
the table giving the oomparativo lengths of the geodetic and astronomical arcs shows at once that 
local attraction is a quantity quite sensible to the measuring power of modem mstruments, and i8 
moreover in many oases such as we have been led to expect by previous experiments — (1) that the 
plumb-line is deflected towards mountain masses, and (2) that it is deflected towards the sea There 
are notable exceptions to these two conclusions, but the general tendency seems to bear them out 
Kothing deflmte or final can be arrived at until the latitude observations are oom|deted , but by making 
some more or less probable assumptions, it is not difficult to gain some approximate knowledge both of 
the error of the assumed equatorial axis, and of the amount of local attraotioa at each i^tion 
observation 

Colonel Clarke’s mvestigations into this subject, in has vatuable work entitled ** Qeodei^,^* shoif 
that in all prohabUity the equator and the parallels of latitude moot ^heiilar» tlw 



0m ^3 wcAi AmionoK juw tbjs ilbmbsts of thb Botfffs iiotna 4^; 

0d leady method of oomputation hwe adopted does not pretend to entof into any tednement d Hift 
Idnd* graat preponderanoe of arcs m whioh the geodetic value exceeds the astronoouoal valnt 
shown roughly that the adopted curvature of India from east to west is too great, or in ^ther words, tihal 
the adopted equatorial diameter is too small 

It is necessary to distinguish clearly between the terms geodetic value** and “astronomical 
value** used in this chapter The former is obtamed from the triangulation by calculation, in winch 
certain assumed elements of the earth’s figure are adopted The latter is merely the difference of tune 
at the two terminal stations at any instant, as obtained by astronomical observations The geodetic 
value of an arc of longitude is affected by any error m the adopted elements, whereas the astronomicsJ 
value IS affected only by local attraction, this last source of error bemg almost wholly inoperative m the 
case of geodetic values, that is to say, if 

Oo = the true value of any arc in seconds of time 

a' = „ geodetic „ „ 

„ astronomical „ „ 

^0 Si the displacement of the zenith m seconds of tune at the eattem station (positive towards 
the east) owmg to local attraction, 

Xw = the same thing for the western station, 
j + jbss ratio of the true, to the adopted equatorial axis 

Then we have these equations (very approximately) 

a' = a, (i + A), 

and subtracting o'- a*' = + Xw, 

or - = d — o'A, 

where d is the excess of the geodetic over the astronomical value As A it very small and Oo very nearly 
equal to a, a A may be 8ubstitut!bd for aje without hesitation. Every measured m will thus yield 
an equation of the above form 

Now m order to apply ibis equation m the present case it will be convenient to present the list 
of data in another form In Table IX of the preceding chapter the geodetic aivi astronomical valuei 
are given for every arc, but m the subjoined table they are so arranged that all arcs are measured from 
£alianpur as origin This is of course mordly annatter of addition or subtraction amongst the figures 
given m the first table Moreover as the calculation pretends to be merely a rough approximation, only 
two places of decunals are retained, possibly it may be thought that even one place would suffipe, hut 
the addltipnal labour of retammg two is insignificant 
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®I0 

Bolarum 

(11) 

Bolan^m 

II 

<hl 

Behra Ibm 

(12) 

Behra Bun 

II 

®18 

Agra 

(18) 

Agra 

II 


Kahanpur 

(14) 

• 



Bangalore 

(IB) 

Kahanpur to Bangalore 

% 

Nagarkoil 

(16) 


Kagarkoi) 


Bcllary 

(W) 

»> 

Bellary 

«n 

Amritsar 

(18) 

» 

Amritsar 

»18 

Mangalore 

(10) 

II 

Mangalore 


Bombay 

(20) 

II 

Bombay 

<ho 

Beesa 

(21) 

II 

Beesa 

% 

Peshawar 

(22) 

II 

Peshawar 

<hi 

Mooltan 

(23) 

II 

Mooltan 


Kurraohee 

(24) 

II 

Kurrachee 

Quetta 

(25) 

II 

Quetta 

% 


aMd«U0 ran* BcdaMd U 
of JM I OMOMli 


u 14 31 
19 ax 90 

*4*5 15 
»4 5» 35 



8 30 
6 35 

•4"0 78 j + i I Jo 


ai 45 1 +0 45 I + 6 75 
53 09 

■ +0 95 14-14 45 


34 

03 

16 


In tbi8 table the names of the stations with a dlstinguishingf number are giren from east to 
west These numbers must not be confused with those used in the oliarts and in the simultaneoui 
reduction Column 2 oontaina the names of all the arcs reckoned from Kahanpur as origin, eastwards 
and westwards, with a symbolical letter attached to each. In column 8 are shown the geodetic talues of 
the area in time, the same Talues being giren in seconds m column 4. Column 5 gires the seconds only 
of the astronomical Talues of the arcs, and oolumns 6 and 7 the excess of the geodetic over the astrono- 
mical Talues in time and m arc respectiTely It cannot fail to he noticed in this table how much more 
pmistent the excess of the geodetic Tidues is in the arcs east of Ealianpur than m those west of H Thhi 
would lead to the idea that either the currature on the former side is less than that on the latter, or that 
there Is a sensible dedeotion of the senith eastwards at Kahahpmr, Which makes all the obserred wesim^n 
am appear too large, ^rom these data the following equatim ate Immed, in whidb si, 















|k*r |lj IiOCAli ATI(&A.09I0K A9D TB® BUSi|Bl(T8 OF TKB llAtVIl TWftf ma 4^ 

tlM oliring to local attraotioii« of ilic tc&it]i at each itatlcni i& sooottidii ctf MtifaiAl out 

irMitifavde» tiie fonaer giviag tlio positiTc alga 

joining Ealisnpur with any other atation of obserration produces an equadon; thoif 
to whi^ Kahanpur la the r^tom station difltering m sign from those in which that station is t0 
the east 

« " 

— a?i4 + ss — I IS + Oj A s= — 0 s6 = — 3 90 

— 4* ~ I 09 + Og ^ o 25 s — 3 75 

— x,4 + ar, =5 — 0 78 + Cj A? = — o 05 ss — 0 75 

•“ ^14 + ^4 =® — o 78 + 04 ^ ss — 0 10 = — I 50 

— 4?i 4 + ar* = — I 36 4- O5 * =S — O 83 = — 14 45 

— a?i4 4- a?4 = — o 73 4- 04 A =s — o 44 =» — 3 30 

— a?i 4 + = — 0 44 4 - Oy * = 4- o 05 = -^ o 75 

^14 4" ^8 = 0 03 4* o# Af = 4" o *9^4“ *85 

— a?i4 4- ar, = - o 48 4- a,, * = - o 36 = - ^ 5 40 

— 4" ^10 — o 68 4 ” <*10^ =:— o 57 *=~ ^ JS$ • 

— a?i4 4' ~ ® *3 *1“ s= —■ o 19 ss — 4^ 8^ 

— 4- arjj = - I 714. <|jjAj = — I 69 = — 45 35 

— a?i4 4" ^18 = 4- o 37 + «i8^ = 4*»o 39 — 4* 5 

— 4 “ ^15 — o *9 =s — 0 19 =s — 4 85 

— ^14 4* = - o 14 - OijAr sr - 0 13 = — I 95 

— Xu + a?„ = — 0 05 — Oj^Ar = — o 09 x: — 1 35 

— 4?U 4- ^18 = 4* O 40 — OjgA =: 4. o 07 =r 4. 10 $ 

— a?j4 4- afjg = 4- o 13 — ss 4- o 00 = o 00 

"• ^14 + ^eo ~ + 0 45 — Ojo^ =s 4 O 44 =: 4* 3 30 

— Xu 4- % — — 0 44 — a^k ==: — 0 50 =s — 7 50 

** ^14 — 4* u 95 ^ sr 4“ o 66 xs 4* 9 90 

— 4?j* 4- = — o 34 — 028* 3= — o 64 = — 9 60 

"*• ^14 4- ^14 — — O 03 — »84* = — O 54 =8 — 810 

r- afj4 4* ^fi =3 — o i6 — Ojj^ sc — o 67 ss — . 10 05 

In order to obtain the figures in the last two columns the value of k must be known (Hiere are la 
this schedule only twenty-four equations and (including k) twenty-six unknown quantities^ it will be 
necessary theiefore to make some assumptions They might be subjected to a solution hy the method of 
min i m um squares, but apart from the labour entailed by this method, which would he a wholly unneces- 
sary refinement at this stage of the discussion, it seems doubtful if the principle of thereby getting the 
most probable solutioA would hold m this ease , and therefore it seems profitable to make some arbitrary 
assumptioiu 









U k dnmt to make mrnptim hm t» whi^ m okjeolilm ojai 

Ferbi^ ihab^i* hmd <m the follewmg eansidemtioaf Xf kxml aHmotto doet net ixlih «l ilm 

tm^ot «7 p«tfoal««ro then * my be U*en « ^ 

mUendii^si the jprmoiple ve wiU aatume Ib absenee of anything beitex thab 


^ amago excesg of geodetic orer astronomica! yalueg 
*** average leagtb of aro 


sum of ool d « 


te a large number of arcs where the local attraction may be supposed to be more or less eliminated, 
^ere are, howefer, two arcs inrolvlng Dehra Bun and Agra which, beside being extremely short ones* 
•how abnormal local attraction* , they are therefore osuttech and hence 


, 8 20 ^ 
’ 37 Hi 


000220 , 


it will sulBce if we take k ts oop2 This value being substituted m tbe schedule of equations given 
above produces the figures m the last two columns These now represent the d*fference$ between the zenith 
defleotion at Kahanpur and evqry other station , in order to get the actual values another assumption !• 
necessary We may make an unlimited number of such assumptions with more or less probability 
A^ong other fhirly probaUe ones let us take the following three — 

(1) That the zenith defieotion east or west at Kalianpur is zero, 

(2) fiihat the cum of the zenith defieotions at all the stations of observation is zero, and 

(8) That the excess pf the geodetic above tbe astronomical values averages the same amount m 
the eastern and western arcs, reckoning from Ealianpur 

On the first supposition the figures at they stand in the last column of the preceding list of equa» 
tions represent the absolute deflections 

On the seoond supposition 3'*' 42 must he added to each of these quantities m order to obtain the 
absolute defieotions. 

"Box the third supposition a constant srj^—representing the zemth deflection at Kalianpur^must 
be aziumed luoh that the values of kt as deduced from the eastern and western arcs respectively, will be 
identioal 

If h be derived from the eastern arcs as t hey ; stand at present in Table X, we have, omitting 
(12) and ( 18 ) as before 


‘ 7 

‘25115* 


and firom the western ares 




o 60 
12127* 


and Si^ must be taken of suoh a magnitude that 

a 7 n j 
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a 4 «dttUon ot vldflli eqnatbm gtfw a o' i88 w a' 8a. 
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MOW AmAcraar ahd thb iMicasra of tbs uvnra mm ^ 

It tiiuavmlwrbsaMedtoetobof thiwe a tha hit adamn <rf tin. y w»— irtf 
ipuitii doflfioUoiis on t]i6 thifd suppoutioik stftUons m tbs am umuikd In 

of th* mogiutud# of tUo doflootion on oU tlmo umnptioiu — 


Peshawar 

4 * 9 90 +'3 3 » +*a 7 * 

Bangalore 

— a ’85 4 * « 37 — « ®3 


+ 5 «5 4 9 a? + 8 67 ^ 

Calcutta 

-*3 3 ® 4 oxe — 

Bombay 

43 30 -f ^ 7» 4 6 12 

Prome 

- 3 75 - 0 33 - 0 93 

Pyaabad 

-h 2 85 4 * 6 27 -f 5 67 

Moulmem 

— 3 90 - 0 48 — 1 08 

Amritsar 

+ I 05 + 4 47 4. 3 87 

Madras 

— 5 40 — X 9® — a 58 

Waltair 

4 0 75 4- 4 17 4 3 57 

Beesa 

— 7 50 — 4 08 — 4 68 

Kalianpur 

0 00 4- 3 42 4- 2 82 

£urrachee 

8 10 — 4 68 — 5 28 

Mangalore 

0 00 4- 3 42 4- 2 82 

Jubbulpore 

- 8 55 - 5 13 - , 73 

Akyab 

— 0 75 4 2 67 4- 2 07 

Mooltan 

— 9 60 — 6 t8 — 6 78 

Bellary 

- I 35 4 a 07 4. I 47 

Quetta 

—10 b5 — 6 63 — 7 *3 

Chittagong 

- I 50 4. I 92 4- I 32 

Jalpaiguri 

-I* 45 ~ 9 »3 - 9 83 

Nagarkoil 

- I 95 4 * 47 4 0 87 

Dehra Dun 

-*5 -»i 93 -#» 53 

Bolarum 

— 2 85 4- 0 57 — 0 03 




It IS worthy of remark that if we take i -f ^ z 0002101 as deduced aboTOp it brings the earth’s 
equatorial radius into much closer accordance with Colonel Clarke's value than that which has been 
hitherto used m the Indian geodesy under the name of Everest's Constantsp 1st set. In this set 
a = 20,912,932 feet, and a x i oooaio = 20,927,535 feet, which is much nearer to Colonel Olarke'a 
latest value, vu , 20,926,202 feet, as given at page 819 of his ** Geodesy” pubhshed m 1880 

At page 809 of the same work Colonel Clarke, after showing his reasons for believing that the 
equator is an elhpse of small exoentncity, writes thus — ” The meridian containing the smaller diameter 
” of the equator passes through Oeylon on the one side of the earth, and bisects Korth America on the 
** other This portion of the axes, brought out by a very lengthened calculation, certaizily corresponds 
** very remarkably with the physical features of the globe— -the distribution of land and wpter on its 
“ surface ** The rough analysis of the longitude arcs given above certainly bears this out, inasmuch 
as it shows that the curvature in India is flatter*tban that due to the assumed spheroid with circular 
equator as would necessarily be the case if India were situated, as Colonel Clarke supposes, near the 
extremity of the nunor axis of the equatorial elhpse 
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AFFEITIDIX. 


No. 1. 

DETEEMINATION OF THE QEODETIC EIJSMBNTS OP THE liONOITUDE STATIONS 

1 . 

General Memarke 

All the pomte used es longitude rtations are connected with the atAtioni of the Grant Tngonoaetr^ Bwvj, in 
order that their geodetic latitudes and longitudes may be aocnratcly determined The lo^gitdde atations at Geesa^ HtJfu 
Bangalore, Mangalore, and Bombay were selected so close to pnncipal stations that simple Imear measurements suffioed 
for their connection, and the resulting deduced elements, with the descnptions of the stations, ire given m the Appeadii to 
Part I of Volume IX The longitude stations at Dehra Dun and Quelta,wero also connected with fixed stations by 
measurements, and the deduced geodetic elements are given m Tj^bki A, Bind Cm this volume 

Owing to the extension of the Survey of ludia Offices in Calcutta, the longitude station of 1881-83, 1883-88, and 
1888-84, desenbed in Appendix to Volume X, could not be used in 1891-93, but a new point was selected dose to the 
old station, and the necessary linear measurements taken to determine the geodetic elements The longitude station it 
Bolarum of seasons 1876 76 and 1880-81, and dewaibed m Appendix to Volume IX, having been built over, a new statlotl 
was seleoM ui 1891 93, close to the old pomt, and connected with it by messurements detailed below 

To fix the longitude stations at Agra, Kurrachee, Jubbulpore, Bellary, I^sabid, Mooltau, Amnbar, Pmhawar 
Nagarkoil,andWaltair, special trianguiation was necessary m each case The triangulation for the fiwtfiV'e stations is givea 
In Appendices to Volumes IX and X, while the tnangulation for the other stations, executed by Captsin S OfBurrardj E % 
and Messrs McNair and Bond, will be found in TUki A, B and C, with explanatory diagrams m Plates VH snd VUl * 
The latitudes, longitudes and asimuths were computed by the formal* given on pages Tl to 134, Volnme H of the 
Aeeotmt of the Operaitont qf the Great fngoaomfitrieal Survey of India, uung the elements of the figun U the oar^ 
as stoted on page 137 of that volume The elements.of al] trigonometrical stations and points employed, with the excmtioil 
of the station at Quetta, are final, and are for the most part publuhed in the prmted reowds of the Great TngoBoynetrieal 
Survey of India, to which references are given. All the stations and points used were clearly identified, and t|teir 
positions recovered beyond doubt. * 


2 . 

Daortpikmi^Statum <md PmkqfOe immttng TrkmguUOM, o»d<iffhoH at lehkk tkaJLoagitadt 

Ohtmatkm were taken, 

MU. (xmatmos. 

4lKilpBa%Vat«MX 



m 


jmwmx, 

MOOWAN OONNBCTrON 


M90LTA1# 6tTV HOIll u intetMcted pomt ei the lfooliaii>^hQ}fthed«^^ Seeoi^ei^ 8enfli d O Mu rtU ig 
Ircntt tbe SeHee) it u the apue of the dome of dJuiiadShidi^ldeeMle^ nalee^KJ^oltimHoolp 

UaL OniAmmeo/^t end immedietel/ eaat of the Tillage of Seri Ml aa i 

• 

MOtMLTaN FORT pOMt la alao an mteraeoted point of the Mooltan-43hiijabad<-!Piaiigaf^ Seoondaij Senea h^la 
the apife of the large dome of Shah Btthhn-nl.Alam'a Mauaoleiim 

MOOLTAN TiLtQRARH OFftCR fTATlON la aitnated at the N W angle of the polo roof of the OoremnientTele* 

Office A drde and dot engrared on a atone let into the roof marha the atation It u S 88 feet from an arrow on 
the weatern parapet, 8 08 feet from the 8 W comer of the weaterly of tho two northern ohimneya, and 8*96 feet fnm 
the N W comer of the amgle central chimney 

MOOLTAN LONOtTUOt tTATiON not being Tiaihle from Mooltan Telegraph Office Station, a peg on the meridian of 
the Longitude Station, and 40 78 feet north of it, waa obaerved to, and ite dittance from the Telegraph Office Statioa 
found by direct meaaurement to be 138 87 feet on an aaimath of 887^ 11^,17'*' 4 


DBB8A CONNECTION 


See Appendix, Volume IX 


AMBITSAE CONNECTION 

RAWPAQH STATION la a tiaPon of the Ban Ooab Secondary Senm emanating from the Qurhagarh Meridional 
Senei) it m aitnated on the roof of the highest building of the Earn Bagh, at present (1885) m the occupancy of the 
Amritaar Station Library When Mr McNair visited tho station m 1886, he found that the marble slab, which marked 
the atation, had been removed, but, hanng recovered the site, be embedded a atone with a circle and dot engraved on it, 
in place of the marble slab 

AMRITSAR MINARET STATION i» a atation of tho Ban Doab Secondary Senea emanating from the Qurhagarh 
Meridional Series it is situated on the platform of the north eastern of the two minarets built by Sardar Jodh Sing 
Bamgaria, iituated about the centre of the city, and some 150 yards £ of the celebrated Golden temple The station is 
marked 1^ a circle dot on a piece of marble let into the masonry, and coTored over with a layer of mortar 

AMRITSAR QOVIMOQARM FORT STATION » on the roof of the highest building, used as a hospital m 1886, inside 
tiie fort of Oonndgarh vlJuch lies W N W of the city of Amntsar The station la denoted by a circle and dot cut on a 
slab of atone let into the roof The building dcacnbi m Synoptical Volume IV, page 97—,, , as " Tho old house”, on 
which the atation of the Ban Doab Secondary Senes waa situated, waa not in existence m 1886 

AMRITSAR HALL OATIWAY STATION is on the roof of the weatern tower of tho Hall Gateway, whidh la the main 
north entrance into the mty of Amntaar A arole and dot ongraTed on^a afdne embedded m the roof marka the ttatum 

AMRITSAR, QHAQAR MAL’S HOUSl STATION is on the roof of the western entrance to Ghagar Mai Sett*a house A 
eifule and dot engraved on a slab of sandstone embedded in the masonry marka the atatioa 

AMRITSAR LONQiTuot STATION is Situated in the compound of the Government Telegraph Offioe> «bS about SO feet 
to the west of the mam hmlding 


See Appendix, Volume IX 


KUEEACHBB CONNECTION 


BBSHAWAB CONNBOTION 

RiR sABAxmL STATION m oos ol IdeutsnAiit Cart«r^ atalKmaef the Mtawss SasoiiSiifBwiier l iM dl t SilMMSes 



MMmX, 

ftfw;»ixM1lf«pllllrwi^ft€U«leflIia4oi«l^p:« 

MLAU 1MRMUX ATAtlON w ooe of Uevteiuat Cvter’t iMoiis of dto Feil»irwBMoai4«l7 Son9», i4ilciH 
mm th» fSie^tudot Sttnoi tt it sitvoted on Jaitin peak of Urn Kliitak tmg» wkub 'divi#p ^ dittrieto of 
md KolMt* mud bet 4 $ miiet out pf the Afndi nllt^ of JanakheTj wd 5 milee wett of the li& cantonmeat and 
of Ctewi A nnriEfld loot-paih lead* from Cherat to the ttatum, and » the best a^praadi fo v^f The ehttloil h 
marhed fqr a circle and dot cut on atone, covered vith a caam of atonea t 

ratflAWii, OHOR RHATRi tTATiON it axtntted near the If £ comer of the roof of the ireetem the tieo hclH* 
iuga kaoimaatbe0horKhatn« once a Buddhut moaaatery, then rehmit into a Hindu temple, and now need aha f«f«< A 
dide and dot engraved on a elate alab embedded m the mud roof marka the atation* Thia atation la Ref identical with 
Feahawar Qurkatri a of the Feahavar Secondary Senea of Synoptical Volume I 

PUtHAWAR TILIQRAPH OPFiCf STATION u at the east end of the roof of the main bnUding of the Horeminettfe 
fele^ph Office, and }Uft above the room in which the aitronomical clock waa moiuited« A mrole and dot engrared on a 
elate alab let into tibe mud roof marks the atation 

I 

PISHAWAR LONQITUOE STATION u in the compound of the Government Telegraph Office, and u 15 3 feet south 
and 54 feet east of Tel^^ph Office Station 


DEHRA BUN CONNECTION 

MHRA OUN LONQITUOt STATION is situated m the north-eastern portion of the Survey of India Office QOttr» 
pound, 8$ 54 feet north of the Haig Observatory, 814 feet from tbe western gate ppaf of the N E entrance to the ^nrvi^ 
property, 43 5 feet from the northern boundary wall measured on the ray to The Mussqpree* eastern mendian mark, and 
628 8 feet due east of the smaller Photo-heliograph Observatory called Dchra Bun Borne O^rvatory T S (new) in Synop* 
tlcal Volume 11 


MADRAS CONNECTION 

See Appendix, Volume IX ' 

} 

BANGALORE CONNECTION 


See Appendix, Volume IX 


NAGAEKOIL CONNECTION. 

t 

RADHAPURAM STATION ia a pnucipal station o£^ tbe Great Arc Mendionsl Senes, Section S’’ to 18° It is situated 
on the high plateau, about If miles N £ by N of tbe village of Badhapuram on tbe road from Idindakarai on tbe coMt 
to the town of Nangunen, and St miles E S £ of tbe lazge villige of Panagudi It is in the lands of the vilhife of 
Badhapuram, sub-divuion Radhapuram, taluk Nangunen, distnct Tinneveliy When vuited by Mr Bond m J^anuexy 
1888, the station pdlar, 10 feet high, and protecting pillar were found in perfect preservation The protecting pillar« SUf* 
monnted by a conical capping stone, gas removed for the obMrvations, and on the completion of the work, waa mbuilt of 
the former dimeoaiona amd the capping atone replaced For further desenption vide page of Volume Ail of the 
Account vf OperahxmM cf the Great Treganfimetrical Survey InMa* 

VAfOANKULANI ORtCRVATORY STATION is a principal station of the Great Arc Mendional Sencs, Section 8° io 16° 
It is situated on the highest pomt of sm excessively rocky and thom-covered swell of gently undulattng gfound about four* 
Bftha of a mile from the sea coast, and 12 milea N E by S of the extreme point of Cape Comonn. It ia in the lands of 
Ike killsge of Vgayapatl, taluk Naaguneri, distnct Tinneveliy For further desenption vide page of Vollline XII 
Of tlw jfocoRiif ^ the Operuthne ef the Qreut thyouomeirical Survey cf fodta 

The station was visited by Mr Bond on the 15th December 1887 On opening the entrance to the observatory ft 
was found tiMd; all the wood-worit supporting the eastern half of the roof had been ccnnpletely destroyed by white-ants, 
and ihd OAit lay upon the door of the building the western half of the roof was almost m the same state The tdb 
large heiHua supporting tlm sides of the nrnridionalqmrturefo the roof wire hanging looedy from th^ Onclearing 

iway the d^rie the eastern half of the door of tin bulldmg was found to be paia, and in the oentr^ in line with the 
RMidiitealef«Riii|h^WfeiRBedabB^lsetfoffietBeter,m whiiAeiqyliiidiriealhofoM bored and ihe following 



(0 

mgiyvid oft 1^ ^0mi friionaawtM Ko^ioltoto Olwemtojr# Cope CtoftCKtift jBpMitribtlOBiidi 

"AP im" 

MANftOTYAi Hfu STATION it A pniici|Mli Atstloft ct Offtit Are Hen4ioii«t S^kIm, Sec^o ^ ia,W It is 
•{tnAted 00 A to^ on tlie ftiinnnt of a hiHi wtadb lies About a mile S B of tbo ^enctioii of the loAdt ftom TrAvmeore 
Cepe Commin to the town of Kengonm, f of a mile S of the rood from Cope Comshn to PliiA|iidi, and ti0 parde 
of the AiAmWii and Tuntehendor md IPho etation » obont 8 miles from the iOa, and it identi^ witb ilmt of 
*<HenpothA^' of Colonel Lombton’'s triingiilAtion, the mark of whieb wat found tmgmfed on the rock, and adopted for 
fim priient tiatioii It m in the lands of Perangudi tillage, ainb-ditMion Badhaporam, taluk Nangobein* dii^^Tinnetelljr 
statioa consists of n platlom of stones and earth, 16 feet square and 8 feet high at tbo enter sides> enclosiiif 
* solio, mrcttlar and isolated pillar of masotuy 8| feet in diameter, which oontauis twn marks, <nie on a stone embedded ^ 
^ upper surface of the pillar, and the other 1 6 feet below it, engraved on the rodi The dnrectiona and distances of ^e 
ftS«ihhounngvUIageaw»e{---PanagttdiN,8f miles, Tanakarakulam (on the road) N £ l^B,8iimJes; Koilkinar N N 
Imilo, Palum (onthoroadtoCapeComonn) S,4imks, and Pcmngudi E N B , 8 milea 

The station was visited by Mr Bond on the 15th January 1888 and found intact, hut without a protecting piUaT 
After the completion of ohservationa, a pyramidal covenug pile of atonea was erected 7 feet in diameter at base, and $ 
leet m height * 

TKOVALAMALAI HILL STATION IS on ICaniiiakurchi, the highest peak of the Thovalamalai range, sitiMted t iwjtee 
of Nagarkoil, and about a mile east of the high road to Tinnevelly It is m line with the old fortihcation wall extending 
from Poigiimalai (about ^ a mile N of Aramalai) southward to the coast The ascent which can only be made from the south 
Side along the fortification wall ii exceedingly steep It is in the Tsirur pravarti, Agasteshwaram taluk of the southern 
division of Travancore The following are the directions and distances of the surrounding places • — ^Malangur S W by S , 
miles ai , Bamapuram temple W by 8 , miles 8| , Thovala N W by W , miles 2 , and Palaur E by 8 , miles 8 

The stat'on consists of a platform of earth and atones 74 feet square enclosing a solid, isolated pillar of masonry, 
8 feet in diameter and 3 feet in height, with two marks, one on the rock i*i nt4 and another at the aurface of the pillar 

TATAKAMALAI HILL tTATION IS on the top of a steep hill, called Tbadagaimalai, some 8,000 feet above the plain 
and about 3 miles N of the lugh road This is an miersccted point of the Great Arc Meridional Senes, Section 8® to 18®, 
and was called by Colonel Branfill CamePs hu'mp h ” Nagarkoil lies 7 miles S S W , Puthapandi 8 miles 8 W 
W W , and Argmalii 8 miles SB It is situated in the Thovala pravarti and taluk of the southern division of Travancore 
Iftc path to the summit starts from the village of Sithapal, followmg^the road to Aramalai for a distance of 2 miles, and 
theaoe kadi up the southern face of the hill 

The station, which u 95 feet from the •outhera extremity of the hill, consists of a solid, isolated pillar of masonry, 
8 feet in diameter and 2 feet in height, surrounded by a platform of earth and stones 74 feet square, with a mark engraved 
on the rock in tiM and another at the surface of the pillar 

AMKITWAWALAI HILL tTATION is ou the highest sharp oomoal peak of a rocky hill of that name, so called from tiio 
modioinal herha found there It rises about 1,400 feet above the level of the countiy, and lies about 6 miles N W of Caph 
Comorin On the southern face of the hill and about 400 feet above the plain » a temple of Paramarth*lmge»swanu It 
k in the pravarti and taluk of Agasteshwaram of the southern divisi<m of Travancore 

The station consists of a solid, circular and isolated pillar of masemry, 8 feet m diameter and 2 feet m height, 
lurtonnded by a platform of stones and earth 74 feet square, with two marks, one on a stone emheddki m the upper fur« 
fooe of the pillar, and tibe other engraved on the rock sn st/d The directions and distances of the n^ghhourmg viBigei 
are — Tamharkulam W, maes2, Mailadi N , miles 1| , and Kotaram S B , miles 2 

NAOANltOIL LONQlTUftK tTATION IS in the compound of the TmfoUar’s Bnngafow The following directume 
and measurements were taken from the sUtion to the huildittg -~N W comer of verandah I^JB hj 0 , 60 17 foet, N B. 
Oomer of plinth of building SB by B , 87 75 feet The station u denoted hy a mark*ftone embedded m a amaU masonry 
]|^Uar 2 5 feet below the ground level, which is built between the transit piers It is in the Solar pravarti, AfluAeehtNHcafti 
talnk of the southern division of Travanooie 
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XALIANPUB CONNBCnON 

KALlANPUfl HtiL STATION ii A pnndptl ittUon o! the Siron] Bue-Line Figon, sad it Uie Oiigtn tS the IstitsM 
tad longitqdes of the whole Indian Sniwey It it vitnated on a flat elerated ndge of iron-day f(Nnauitioia« locally calledi 
Bhttri l!on, which skirta the Siron] valley to the 8 W and N , and aeparatea Malwa from the table land to the north Thn 
main road from Bhopal, dd Bhilaa and Sironj, to the Cantonment of Qoona paaaea 850 yardt K B. of ^ ttstion« mw 
mroumjacmit villages with their dutancea and beannga are ^Kalianpnr { mile S B , lalalpnr 1 mile 8 W Vf*, Barenda 
If miles N W , Kanmabad 1} miles B , and the town of Sironj 24 miles £ 3 B The station u situated In tiie Tonic Siote 
of the Bajpntana Agency 

The station is marked by a solid, isolated pillar of masonry, 2 feet high, oontamiog mark-stones at top and bottom^ 
and enclosed in a platform of solid masonry 144 Yeet square 

There are two meridional pillars connected with this station, one to the north at a distance of 6778 9 feet, and the 
other to the south at a distance of 6056 8 feet, on both of Vhtch the meridian of the station is accurately marked 

The Kalianpur Observatory, erected by Colonel G Everest m 1824 for aitronpmioa! observations, stands 40 feet duA 
vest of this station 

KAUIANPUR LONOITUOI STATION M on the same ndge as, and 85 21 feet due south of Kalianpur £(ill Station* 
JUBBULPORB CONNECTION 

See Appendix, Volume X 


QUETTA CONNECTION 

» 

MA8HE1.AK HILL STATION IS a Station of the Quetta Seoondhry Senes which emanates from the Great Indoa 
Senes, and is situated on one of the highest peaks of the MashSlak range, which lies about fourteen miles due west of the 
Quetta Cantonments The metalled road from Quetta to Guhsh^n passes 4| miles N E of the station, w\ple the Ghoghar 
paas IS 8 miles S S W The village of Babasai u 8 miles to the S £ , and that of Basal 8 miles E by N 

The station is marked by a circular and isolated masonry pillar 24 feet high containing two mark stones, one st thp 
surface, and the other at the ground level 

TAKATU HILL STATION is a station of the Quetta Secondary Senes which emanates from t]ie Great Indus Senes, and 
IS situated on the highest peak of tlie western extremity 6f the Takatu range, which lies about eight milds due north of the 
Quetta Cantonments The station is immediately above a spnng of water known at Chashma, and the circumjacent village^ 
with their distances are — Kuchlak (a railway station of the Quptta Ldop Line) 8 miles N N W , Samali 8 miles W N.W , 
Malasai 2} miles W by S , Sara Gburgi 2} miles 8 E The rosd from Quetta to Kil'h Abdulla Khan passes I4 milAS 
W S W of the station • 

The station is marked by a cireplar, isolated pillar of masonry 24 feet high with two mark-stones, one at the surfApn 
and the other at the ground level « 

QUETTA TELEGRAPH OFFICE STATION Tt a station of the Quetta Secondary Senes which emanates froip the Qtt0t 
Indus Sepes It is situated m the compound of the house occupied by the Deputy Supenntendent of Telegraphs, Quetta 
IHvision, and lies between the house and an out-office east of the house It is 58 88 feet from the S E comer of the home, 
fud 66 5 feet from the south ooraer of the out-office 

* The station consists of a platform endosing a circolmr, isolated pillar of masonry having a wooden peg in iti centre 
with two Hues cut on it. 

QQITTA LONQITUSE STATION u in thewame compound aa the Quetta Telegraph Office Station, and hes 22 25 feet 
emt aiidS<)6HtoBt soath of it 

CALCUTTA CONNECTION 

OALQQtTA LAtlTUiHl STATION ii s Secondary station of the Calcutta Longitudmal Mnl It is about 2& /avds 



III., 

«wla{di«baflliB|laMM*iVoentfk8<«M», ytH taw tfarf SMaUilk^ Odat. 

it V • SMuriE-ttoiie over irlueh«|»r(>UdH^ 

itt|«3^ ftott*, 0a iflM tlifi I^HoiHiif int^ptioft it togmied uto&t nmiict MU tttroaottiM ttatibn oil tli« 0 

OAiOOtr^ LONOITUOi ATATION Utt 88 TH fe^ tioitK ttid 81 875 feet eiitt ol tht CiI^iOKa H it 
idtniM vith the Ctlonitt Ziotgitodte Stttio]i detonM ia Appeadix to Tcihime X, vliidii ttoqd 80 8 leet due iioii3& of 
^ Zittedo Stttioa, tod wta dtttro^rtd wlteb tbt new tmildiof for booiifld bfttbemttictl Itutnuatiit Office wtt built; 
t eointeetion lu« beeatttdt to tUtaect laeMiued tt tbit oew poiot to n)diic« tbemtftNn it to the old nte; 

WALTAIB COWBCfnON, 

WALTAni H(tl| iTAtiON It t teoondtrf itation of the Bider toogitadifltl SeriCt, tod it tifetted ih the dSitiiet ef 
IPii^ptptttia It it oa the tot coett hetweea the townt of Vutgtpttam tad Wtltair A pilltr of mtioaiy 4 feet Is 
aittla the ttttio&i which tteodt on t tend MU dote to the ctotomoent of Wtltasr 

WAhTAMI HKUOtnSHtt tTATiON It « tecoodtry ttadoii of the Bider Lonsutaduitl 8eriet> tnd it titnetedwa a sand 
MU ahont | a mile N B of the town of Wdtur * 

WALTAfR AUXILIARY RTATION u denoted fajr a arde and dot out on the roeh t» nt^, on the toathem dope of 
the Hemfo^Simadalem ranee* It la dtnated m the taluk and dittnct of Visagapatam 

WALTAtR, NARtlNQ RAO'S HOUSI, the point referred to it the weitem end of the gable of Narting Rao't houte M 
thetownolWdtaijF 

* WALTAtR LONOITUDI STATIOM it m the enolofure of Narting Rao't honte^ and het 95 50 feet eatt, Snd 44 26 feet 
aonth of the wettem end of the gable of the houte The longitode itatlon of Vixagapatam, now dettroyed, it dittant 8 0887 

milei on an asimnth of db*’ O' 6^ 7 

< 

BOLABUM CONNECTION 

LAOHHMANPUR HILL STATIOH it a ttatiqn ei the Hyderabad Minor Senet which emanates from the Great Are 
lleHdional Senet, Seetion 8^ to 18^ It it ntnated on thi^ highest rook of a rugged hill about a mile S K by S of the 
fiUage of the tame name, U wnlc* N of Nitampet, 2k miles S S W of Baurampet, and 6k mtlet N B of Lingampalle 
Hdlway Station of the Nitam’t State Bailway A cart t^ack from Nitampet to Baurampet passes dote to the station It 
ia in the Atraf i Baida dittnct of the Nitam’t Dominions The itatnm it marked by a circle and dot on the rock t» siAl, 
with an isolated matonry piUar built over it, having a mark stone on the top, and surrounded by a temporary platform of 
atbnet and earth 

HYC^IRAiAPi NAUtiATRAHAR HILL STATION u A station the Hyderabad Minor Senes emanating from the Great 
Ale Meridional Smries, Section S* to 18^ It is situated on the northern peak of a low hill 200 yards S of the south end 
III the Hnwdn Sagar tank, and equi-distant from the cantonments of Secunderabad and the city of Hyderabad on the N 
Slid S teipeotively The station u denoted by a mrole ahd dot on a large stone embedded in a rough platform of stones 
god earth* It it in the Atnf-i-Balda diitnot of the Nuam^t Dommiont 

•OLARUM RWD* ORRICk STATfON w on the roof of the N W wing of the Biffilic Wotkt Office at Bcdarum, a 
eantmoment of the Hyderabad Contingent The following measurements were taken to fir 0ie pout of obHrnibmf‘»>>» 
K«B Comer of parapet of roof 12 26 feet, N W comer of parapet of roof 82 6 feet, S W comer of parapet of roof 
SfiSOfi feet, and S S comer of parapet of roof 12 126 feet A circle and dot cut on the roof, was covert with aX 
SSItheil pan, and a matonry pdlar 16 inches iqutre and 12 indies high bMlt over it Hie pillar was than plastered and 

wMto-waahed, and acapping stone marked thus embedded on (ha aartaoe, the landion of dm poem hma^ 

fdstttbed over the mark on the roof 

•OURUM LONOiTUOi STATION it in the compound of the PubHo Works Office, and 221 68 feet Rcrth and 16 894 
liilwiatolMarumBWD OffieeStstieo*^ Hikstatioaml9SWSfeetweet,aad24ff{k0teox6to2llm]joiigih^ 
dkmbed in Appendix to Volume IX* A oonection haa been ^lidied where neocaasip^toiediieiaBiim toilWoM 
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Trigonometrical Sorrej 

f OOmpiited fiom the latitude and longitude taken from page of the Bider ItongitudiDal Seriea, Sjnoptioal Yolome X. 
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fixed by tpeoixl tmogiiktiim (eide TMltt dtndJt) 

Die Longitude a. it aai 61 feet north end 16 394 feet- 
weit of P W J) Office • , ndo jmgp (8) 

BoUraai longitado • f 
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7 * 43 48 40 


I^MUd I«ong(tod« • 

>6 46 40 66 

C 

81 10 35 33 

Tidepege (19) of Volt X 








AFPEITDIX. 

No. 2. 

ON BBTAEDATION 


The tranemueion of electncal signals along a telegraphic wire, though of enormoui Telocityi is not absolutely 
instantaneous^ and hence it follows that the value of an arc of limgitude will differ, acebrding as it is determined 
by the transmission of clock signals from cast to nest, or from west to caJt, in other words, if the true value of the arc if 
AL, p the time of transmission in cither direction (assumed to be equal in both cases), ALi and ALw the valucb of the 
arc as determmed by the east and west clocks respectively, then 

All se I [ALb + p *jr ALw ** p} *“ i (ALg 4” ALt^) and pas ^ (ALw~* ALg) 

Hence a valne of p may be obtained Mm each arc measured, and an attempt ii here made to deduce from these values a 
law for the velocity of the transmissiot of the sipals 

In the following list the arcs are given in order of their lengths The first oolnmn contains the date of measure* 
ment, the second, the names of the terminal stations Column 3 contains the distances as measured along the telegraph 
lines, column 5, the actual retardations as deduced from tlie formula p i? i (ALw — ALg } Column 4 will be eiplamed 
below 


Lift of Longitude Aretf thowtng the Dutaneet bg Telegraph Route j and the Theoretical and Oheerved Retardation on each 


Year of 
Mouartiiitni 

• 

VsiM of Are 

Dtat^nco 
i& milM 

Retardation m 
•eoondt of time by 


PruMian 

Forinuia 

Obaernt 

Uou 


ma<76 

« 

Bsngtloro-BolUry 

187 

003 

m 


1^-84 

AkraM7liittogong 

*95 

ooj 

036 


isar-sa 

UadiM-Boagaloio 

xi5 

001 

034 


X87ftra 

Bokr^n-BelUrj 


003 

009 


1885 86 * 

AmntipivlfoolfM 

$40 

004 

017 


1865-86 


*75 

004 

036 


1885-86 

Doluns Dui»-Agf» 

aSo 

004 

04 s 


1888-85 


aSs 

1 004 

04 a 


188*41 

l^jrw^-Agns 

**J 

004 

053 
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1(%ertt ia httila tolil tM «Mtiix«.tiieDe plaja an important part & tlm reCarMoiia abovn m oolitnn 6, tM • 
ta yepraaeat ti ttniit )» latMIdQtiid ia anp formiiU empio^ lor tbmr lliin«ita|ati<^ It obnotely iomwat 4^ei»d <ai 
^langHtd! iiik% I|^ miim a^uitOHmt nl .tibo 
















im 

mmi any delaili <ii ahm^ it m«it i^eoestcrily in ^fomula by 

In |n»etii^^x«lay«wfii9 always aQadjwted as to ba oaaily moTsable byareiy weak OQirait^ with* tiawtazol^^ 
a ryi btm w^w as iwich a* posaible 

1%e valoieity of tnaamwiott of an eloetno signal akmg a wm is represented by Brnssiaa geodeiists by tht fotsftnlh 
tm 000,01 S>9 as + 000,000,008 w* 

i IS meaatiredp in seconds, and m is the lengtih of the arc in miles , and colnmn 4 m the abore table oontains Ihe vslnee 
of the letardatioiis as computed thereby Thu formula is probably a purely empinoal one, based on actual expenments, and 
u hardly likely to represent the true state of things, except for reasonably short distances of 1000 miles and nndivj fot the 
presence of m* in the formula evidently presupposes a constant slackening m the speed of tiansmiiiimi aa the distance 
mcreases, as may bo easily shown from the following considerations ’ — 

t n 000,012,9 m + 000,000,008 St* for the distance m 

and f « 000,012,9 (m + i]^+ 000,000,008 (»i + i)* for the distance (w + i) 

Hence the tune of traversing 1 mile after having traversed m miles is 

t* — tss 000,012,9 + 000,000,008 + am X 000,000,008 

and as m becomes very large the first two terms may be neglected and therefore 


^ ^ SB m X 000,000,016 

Hence it is evident that as m increases t' — ^ increases, or m dther words the velocity decreases , a brief oalcula* 
tion on this basis vnll show that after traversing 62 t millions of miles, the velocity is reduced to one mile per secohd 
This however is obviously of little importance, if the formula represents the tune of sigujd transmission within praciicilJl 
distanoea 

In the following discussion it will be seen that a formnlt which includes only the first power of the distance re- 
presents the observed retardations very nearly aa well as one whioh, life the Prussian formula, recognises also the square 
of the distance It will be more convenient if 100 miles instead of 1 mile be taken as the unit of measurement and 
the Prussian formula then becomes t aa 001,29 ^ d- 000,0$ j*, I being the distance thus expressed ^ 


Let us first trace out a fonni U which involves the square of the distance, and for this purpose assume that the 
of signal-transmission may be^preseiited by the formula 

p « r + to + /•y 

where t is the relay or armature-tune, and 9 and y are constants to be determined from the observations 


Each arc in the above list furnishes an equation of this form, but to simplify the arithmetical solutum they are 
collected into groups for each hundred mile| of distance, thus for all distances from 160 dules to 860 milei the value of 
I is 8, for those from 860 to 860 , 2 is 8 , and so on , the equations then become 

a * « 


r + + a*y * 

r + 3* + 3 *y 

r + 4 * + 4 »y a» 

* r + 5 ? + 5 *y <■ 

r 4* 6 # + 6 *y * 

f -f + 7 *y “ 

r + 8w -f «*y a* 

r + + 9 ^y -■ 

T + I0« + lO^f ^ 

r + 11 r + ii*y 

r 4 - la# 4 r 


030 being the mean of a group of 6 arcs 
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aakr M tta vdm fMni ld» ttSl', 

IBM 0in^ irM tt 1$ biadL 

fbtf k^Mmi of tlwfo proienlf no wUn tmtod by tiitf irdl4aiowii nurtindi to Mdk nm 

tfaiy |^T»|{Mtotb«tIiiiM l(^owi^ aomuil eqn«tioii#| vi/r 

55*" + 4- I746y » 3*607 

384 r + 17460 4- 13488 y « 31 783 

I746r + {34880 4* toizozp m 154 918 

bM^tltkib hy ikt ordbuuy yroMftM of eliminttion the following Taloee are obtained 

r m 033 
# 01 00537 
g • 00047 

giidng M a fofmitla for eipreiiing the time of dgiiil^tranimuiion | 

M34 00537 X/+ 00047 xi* (1) 

Kov if a formula be aMomed bated only on the drat power of the dutanoo we get» omitting y, m the above adiednle 
the two normal equationa 

55 r 4 3840 « 3 607 

384 r 4 17460 m or 783 

which give by eUminatian the following valnea 

r m 007 
oa» 01 139 

thiee diStr oonaidenibly from the fpivner vidneii bat they represent, by meana of the eqaaimn 

V *” 007 4* 01 139 K I ( a ) 

the aetnhl valoee of r«tardati<rf» nearly If not quite aa (Well The computed valuea of retardation aa oompared with the 
aetaaloneaaeeaelollowt m the two ayatemi’-- 


lat formula 

By dnd formiila 

Actual 

t 

t 

# 

0 036 

0 030 

0 030 

043 

042 

045 

05a 

053 

055 

06a 

063 

o6r 

071 

075 

069 

084 

086 

091 

096 

097 

094 

*109 

109 

>13 

134 

130 

081 

130 

131 

ii9 

>55 

>48 

191 


The last three area are very discordant inbothsyftemt^bntthMiap^y aiwoimtedforby thelart arebeuigthe 
only one in the whole ayatem, on whidi. owing to ita great length* an intenncdiate iwlay waa neceamry* and partly by the 
actual valnaa being baaed on one arc only The drat fonaula givea for the rate of tranaimaooiii of the abont 4000 
aaOeepwraeoond^ andtheaeeond fumida about 8800 , that given by the Pruaman fcnmnla bmng about 10,600 Ihdiie 
•iperlmental ard nmaaored at ©ahia Hun where/«oii waa found Hmtporrm 015, Ufa pndiab^ only achanee 
eahuddance that thia ia axaetly the mean of the valnea of r given by the let and dud faw nglWr 

Ihe chaemd vahiea of rctaxdatiottiittineaaely «meedtlKiaegiv»ibyihePniiaiinft»am^ 

Imalh am at hand aa to ^ thichneia, in^Oatiou* or materia] of the wiiuii* or ^ftfengOiot battoiy employed 

ll^iio«DnchtaionaatetgefeaiQn.of the diaexwpa^ oan be drawn 
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atiAfeof th« m«ri4kii 1)elw«0ti 

^ ft of the CNfftnd Hhrl4ioi^ J^of at 

4ou 4M V tibelata Lambtoftl^the Tolumet of the 

Aiwfto Somt? of Oftlouttft, By CmUi Q eoi^BYeiwti^ <4 tiniBea|il Artlllcacy;, 
^fSodtm, 189^ (Out qf > 

4a Aeeowi of tho lyfeasurenmt of two Se^ons of the Heir^ooftl Aio of Xo4jii. hoimdedi hjT 
the parallels 18^ S' 5*, T IV, aa^ W* W 38y iKteiliait^onS 
Bverest, B It tee , Iste Starveyor Geiknl oi l&dia^ and his Assutanta liOndott^ 18^?« 
(Out 4f Jl^riut) 

Aoooimt^^ the Operations of the Great Trigonometncal Surrey of India, 

^ J^nce Mupee^ 10^ per volume 

Volume r, 7he Standards of Measure and the Base-lanes, also an Introdaetory' Aooomtt 
of the early Operations of the Survey, during the period of 1800-16^0, 
By Oalonel 3 T Walker, EE, FE.S, »c, &c / S&permtende&t of the fiarvey 
Behia Btin, 1870 

2>o, Zl History and General Bescnption of the Bnnoipal, Qi!^anfuIaiiop and of its 
Beduction By Colonel J T Walker, C B ^ E £ , IFiE S , he., ^ , Su|v«yor Oeamh 
of India and Superintendent of the Survey, and hia Asaistants ’ Bebra l>d||, 18^ 
3>a III The Fnnoipal Tnangulation, the Base-^Bufe Figum, the, Eardchi Bon^tu* 
dinal, N W Himalaya, and the Great Indus oerles of the Kdrth-West 
Quadrilateral By Colonel 3 T Walker, EE,FBS,&»,^, Superintendent of 
the Survey, and his Assistants I)ehm>iDdll, X873 ^ ^ 

Do rV The Prmdjpal Triangulaiion, the Or^t Arc (Section 84®-80®), Bahtin, Gurhd- 
mrh ana Joj^-Tlla Heridiondl^eiies, and the Sutlej Senes of the Korth- 
West Quadi&teral By Colonel 3 T Widker, B E , F BUS , Ac , Ac , Snpennten- 
deni of the Survey, and hia Assistants Behra Ddn, 1870* ^ 

Bo IV A. The Principal Triaugulation of the North-W^t Quadrilateral, including the 

% Beduction and Details of the Jodhpore and Eastern Smd Meridional Series, 

prepared? in the Office of the Prigonometncal Branch, Survey of India, Colonel C T 
Haig, EE, Ol^ Deputy Surveyor Genital, in<diarge, and publuhed under thS orders 
of Crionel G* C DePrde, 86, Surreyor General of India. Behra ptin^ 1886 
Ho, V, Details of the Pendulum Operati^ Captains P, Basevi, Bf]B,and 
W I Heaviside, >B B , and of their Keduecton, Prepared under the directions 
of Maior-Genera.! 3 T Walker, C B , B r Ab«, Ao , Curveyor Qeaeral of 

« aii 4 |;J|iil^^ of the I^igonometrical Survey Behift Bdn and Calcuttai 

Bo, The Pnneipar Tnangulation of the South-East Quadrilateral, izudnding the 

Great Am-‘--Sectj|loa 18"^ to 24^ the East Coast ^les, the Calcutta and the 
Bider Longitudinal Senes, the lahalpur andthcBilds^r Meridional Series, 
and, thA B&t&la of their Simultaneous Beduction Prepared under the direc- 
lloturof Msjor-Genersl 1 T Wsiksr, OB*,, BE, EBB, Ae, htji Snrvmr Gesml 
m Ipdia sad Supcriittsadei^ of the Irigonouw^icid Sunef* Behra Bdn, ISeO# 

^ Details of 0v? of the 

‘^OdUlpoueuf ^ KorHi^Bast Lon^udmaly the Sudhon Meridional, 

m iftyMt^Miuiikmi^ thO^ua Heri^onl, aud the Bardra Mcn^nal 
Pn^^cUed naler 0ie dmwdlw of Liscteniuit^Gencnd 3 T Walker, ^B^EE*, FE8, 
Aa, As JSiiA^ur GettM of India sad Supermtendent of the Tngonoutsune^ Survey 

TOmu Btm Idas* , 

» 

V^UaasAftaiiilSaAstsle^SkWihQe(NSdWrihsd|^hCtoi» OvAni nSiu 



Liai of ^Published TForJcs of the Great Tngonometi ical Survey of India 


An Account of the Measurement of an Arc of the meiidian between the parallels of 18® 3 
and *21 7 bein^ a continuation of the Grand iidional Aic ot India as 
detailed by the late Lieutenant Colonel Lambton in tin Volumes oi tho 
Asiatic Society of Calcutta Bv ( aptam Geort,cI>trc8t o£ the Bengal Artillery 
FRS &c London 1830 {OutoJ p}int) 

An Account of the Mcasuiement of two Sections of the Meridional Arc of India, bounded by 
the paiallels 18 3 o 2-1® 7 11 and 29® 30 18 Bv Lieutenant Colonel 
Everest IRS Lc late Surveyor General of India and his Assistants London, lbl>7 
{Out of print) 


Account of the Operations of the Great Trigonometrical Sur\cy of India 
Pi ice Rupees 10 6 pet volutne 


Volume I 

Do II 

Do III 

Do IV 

Do IVA 

Do V 

Do 'VM 

Do VII 


The Standards of !Measuie and tho Base Lines also an Introductory Account 
of the tally Opc lations of the Suivev duim^ tin ptiiod of 1800 1830 
By Colonel J i Walker RE 1 11 8 bcc &c bupcriiitLndcut of the Survey 
Dchra Dun 1870 

Ilistoiy and General Description of the Pimcipal Triangulatiop and of its 
Beduction By Colonel I 1 Walker ( B R1 ItUS &.c Vc Surveyor General* 
of India and Supcuntcudcnt of the Surviv and lus Assintiints Dehra Dim, 1879 
The Principal luangulition tht Basi T me 1 inures tin Ivai lehi Longitu 
dmal N W Himalaya and thcGuat Indus Scries of tin Noith West 
Quadrilateial B) Colonel J T Walker R 1 1 R S &c &c Supermteudent of 

the Suivcy and his Assistants Dehia*Dun 1873 
The Pi incipal Ilian filiation the ^freat Arc (Section 21 30) Baliun Gurha 
gaih and Jog 1 Ilia MciidionaPScrits ind the Sutlej Sdus ot the North 
Webt Quadiilateral By Colonel J T Walker RI 1 R S 'kc &,c biipcrinttn 
dent ot tht Survey and his Assistants Dehia Dim 1870 
The Piincipal liianguKtion of the North West ^uadi;latonl including tho 
Heduction md Details ol the Jodhpore and Lastt in Sind JMt ridion il feeiies 
Prepared* in the Oflice oi the In^onoructrual Biaruli Survey oi Indii Colonel C 1 
llaig Rl Deputy Surveyor ( eneial in ehargt and publislu d uiidi r the' orders 

of Colonel G C DePree sL Surveyor General oi India Dellia Dun 18&G 
Details of the Pendulum Operations Captains J P Base vi RrL and 
W T 1I( avisuh Hi P and of ^heir lloduction Prep ircd under the dm (tions 
of Mijor Gcuciil J T WVlkir CB Rl IRS &.c ifee firve^or ( cntlal ot 
India and feupeiiutcAdent ot the Irigonoinctrical Survey Dehra Dun and Calcutta, 
1879 

The Pimcipal Triangulation of the Soutli East Quadrilateral including the 
Great Arc — Section 18 to 21® the 1 ast Coast Series the Calcutta and tho 
Bider longitudinal Scries the Tahalpur and theBilispui Meiidional Senes, 
and the Details ot then Simultaneous Reduction Ireparcd under the dircc 
tioiis of Ma]or C cnii il J T Walker Cl RL IRS&c&,c Surveyor C encral 
of India and Superintendtnt of the Trigonometrical Survey Dehra Dun 1880 
General Dtsciiption of the Principal Inangulation of the Nortli East Quadn 
lateial including the Simultaneous Reduction and tho Details of five of the 
component Senes the North East Longitudinal the Budhon Meridional, 
tho Rangir Meiidionil the Amua Meridional and the Karira Meridional 
Prepared under the directions of T leuten uit ( encril J T Walker C B R L 1 H S 
&c &c Surveyor General of India and Superintendent of the Ingonomctrieal Survey 
Dehra Dun, 1882 


No oopiM available at the Tngonomotrical Branch Office Dehra Dun 



List of JPuhlished Woiks of the Gieat Trigonometrical Survey of India 
Account of the Operations of the Gieat Trigonometrical Survey of India — {Continued) 

Volume VIII Details of the Principal Triangulation of eleven of the component Senes 
of the Noitli East Quadiilattral, including the following Senes the Gur 
wini Meiidional the Gora Meiidional, thp Huillaong Meudionaf the 
Cliendu^r Miiidional the Noith Puasnath Meridional, the Noitli Milun 
cli a Meiidional the Calcutta Meiidional the East Calcutta longitudinal, 
the Pialimaputra Mi ndional the Eastern Erontier — Section 2d to 2G and 
the Assam Longitudinal 1 repared under the directions of Lieut C cneral J T 
Walker C 13 11 1 1 it S &c biirvevor General of India and Superintendent 

of the liioonomctycal Survey Dchra Dun 1882 
Do IX Elictio ielegrapliic Longitude Opoiations executed during the years 1875 77 
and 18H0 81 by I uut Colonel W M Campbell RE and M 1301 W J 
He ivisidi R1 1 It pared under the directions of Lieut C encral J T \\ ilker CB 
Ki IRS Ve K.C Survivor ( eneial of India and Superintendent of the liigono 
nietiH il Siinty Dell! a Dun 188d 

Do X Dkctio Leh >,1 iphic Longitude Operations executed duiing the years 1881 82, 
18S2 83 a*id 1881 81 by Majoi G Strah in RE and Major W J Heavi 
Sldi R E Pi( pared umkr the directions of Colonel C T Haig II I Eepiity 
Survivor C ( nerd lii^cmometiic d 13i luili and piihlishcd nndei the orileis of Lieut 
Colonel 11 H iliuilliti 11 L Suiveyor Gcneial of India Delira Dun 1887 
Do XI AMictfioinie il Obsei vations foi Latitude made during the peiiod 1805 to 
188 ) w itli a Geneial Oesonption of the Oj^orations andlmal Results Pre 
pail (I under the diieitions of J lent Colonel G Sti dian El Deputy Survivor 
( (MCI il Iri^^onoinctiiial ]3raiicii and published imdcr the orders of Colonel II R 
Iliinlliii 11 I Sill VC) or General of Indi i Dohia Dun 1890 
Do XII Geiioi il Disciiption of the Principal Tiiangiilation ot the Southern Tri 
gon iniliuliii^ tin! SimiVtani ous Riduction and the Details of iy\o of the 
componint Stiies the Cfiiat Arc Meiidional — Section 8 to 18 and the 
Rornhiy JjOn_,itudinal Piipared undei the dinetions of I leut Colonel ( Strihan 
111 Diputy Survivor General liiponoinctnial Blanch and published under the 
oiikrsol Gjlonclll It Ihudbci III Surveyor Genei af of India DchraDuii 1890 
Do XIII Details ol the Piiiicipal Tiiangulation of five oi the componint Soiios of 
the boutlicin liigon including the following Si lies the South Lonkan 
Co 1st till Min^iloio Miiidiopal the IVIadi is Meridional ind Coist the 
South 1 1st Const^ and the Madias f on^ltiulinal Prepared under the dirt etions 
of Lieut Colonel ( IVidiin III Deputy Surveyor ( encial li igonoinctneal 1 ranch 
and publi hed under the 01 iV is of Colouel if 11 Ihuillier RL Surveyor Geneial of 

Indi i Dclira Dun 1890 

Do XIV Geneial Description of the Principal Triangulation of the South-West 
Quadiilati lal including tho Si nultaneous Rivluction and the Details of 
its coniporunt Sciics Pnpand under the directions of W H Cft sq MA 
Offg D( puty Surveyor C cneial lii^onometrical Branch and published under the 
orders of Colonel H 11 TLhuillier 11 E Surveyor General of India Delira Dun, 
1890 

Do XV Eh ctio Teh graphic Longitude Operations executed during the years 1885 86 
1887 88 1889 90 and 1891 92 and the Revised Results of Aics contained m 
Volumes IX and X ilso the Simultaneous Reduction and the Einal 
Ri suits of tlio whole of the Opciations Prepared under the directions of 
Colonel G Stiahan RL Deputy Siiivevor General Irigonoraetrical Bianch ^nd 
publi hidiindci tlu 01 ders of Colonel H R Ihuillier RE Surveyor Geneial of India 
Dchia Dun, 1893 



List of Published Woiks of the Gteat Trigonometrical Survey of India 

Synopses of the Ilesults of the Gicat Trigonometrical Survey of India, compiismg 
Descriptions Coordinates ot the liincipal and Stcondarv Stations and othci lixcd 
Points of the Several Series of 1 nancies P; ice Kupets J pti tolume 

Volumes I The Great Indus Seuos oi Senes P of the Isoith TV est Quadiihteral By 

Coloiul J 1 \\'i]k(r 111 IRS , kc SupcnnteudClit of the burM,^ 'uid his 
Assistants Dchi i Dun 1871 

Do II The Groat Arc — Section 21 to 30 oi Senes of tlie North West Quidrilati ral 
Bv C olonel J P IVallor KL J RS V^c kc Suptriutcndtut of the buivcy and his 
Assistants Delira Dun 1871 

Do III The K 11 ichi 1 on-,itiidinal S( lies oi Series 2? o^ the Isoith West QuadriHteial 
Jiy Colonel J 1 Willii R] 1 Rb kc kc biipcrmteiideiit of the burve) and his 
Assistnits Dchia Dun 1871 

Do IV The Guilngarh Mi ruUdn il Senes oi Senes Fof the North M est Quadi ilateial 
By Colonel J 1 Malkci Rl I R b ia bupennteiidciit of the buivcy and liis 

Assist luts Dehia Dun 1870 

Do V The Eahun Ml iidion il Si lies oi Scries P of the Nopth West Quadrilateral 
Bv C olonel J 1 Wilier RI b 11 b kc kc Supeiintenilent ot tlie buivcy and his 
Assist lilts D( hi a Dun 1875 

Do VI The Jo^i ilia Meiidional Senes oi Senes G and tlie Sutlo) Sines or Sines 
JT ot the jS 01 th est Quadnlitcial By Colonel J 1 Wilier HI IRS 
%c kc Siipciintendeut of tlie Snrviv and Ins As ist ints Di ilia Dun 1875 

Do VII TlieNoilh M est llinial i} a Series or Si lies C7ol the Tsoi 111 Most C^uadrilaforal, 
and tlic Tiian^iil itionot till Ivaslimn Sum V By Map) CeninlJ 1 bilker 
C 13 R 1 1 R 8 icC Vi Su ivey or (jri neial ot India and buperinteiident ot the Survey 

and Ins Assistants Dehia Dun 1879 t 

Do VII A Tlu Todhporo Aleiiilional Sines anchthe 'Eastern Sind Meridional Scries of 
tlie Isoitll Mist Qll nil llatl lal jlnpaud m the Odue ot tlu Inborn luiliu vl 
Hianeli buiviv of liulii Colonel C 1 llii^ Rl !)< [uit} 8uiv(voi ( inei il m 
chilli and published undei the orders of Colonel II K IhuilJicr RL buiatyor 
Gineial ot Tiilii D( III a Dun 1887 

Do VIII IheCjiiatAic — Si ct ion 18 to 21 oi Si nes^ of the South --Past Quadi i lateral 

By ( oloiu 1 J 1 W vlkii ( B Rl 1 Rb ik-c , &,e 8upeiiiiteiident ol the burvey 
and Ins \ssistints Dehia Dun 1878 

Do IX Till Tihalpiu Mi iidional Sen s oi S( in s jC of the South Past Quadrilateral 
By (olonel J 1 Willir CB Rl 1 R 8 kc kt Survevor Cituiil ol India 
and bupeimtcndent ot tlie 8urviv and Ins Asnst Hits Dehia Dun 1878 

Do X The Bull 1 longitudinal Senes or 8eiies I) of the South East C^nailrilateial 
By Alajoi Gcmral I V AV ilker CB Rl 1 R b See &e Suivi vor ( eiinal of 

India and Superintendent of tlie Survey and his Assist ints Dehra Dun 1880 

Do XT. The BiUspur Mend ion al Seiiis or Senes jp’ ot the South I ast C^uadnl iti ral 

By Major C niei il J 1 W ilkir CB R 1 b R8 'ice Siirvcvor ( (iicial of 

India and Supi rintcnuint of the burvey and his Assistants Dehia Dun ISSO 

Do XII The Calcutt i Longitudinal Si rics oi Seiii s 7? ot the South 1 asi C^u ulrilateial 

By Alijor Gcneiil J i AVilkei CB Rl 1 H S ^e ke 8urv( vor ( c mial of 

India end 8upcnutendent of the burvey and liis Assistants Dchia Dun 3880 

Do XIII The J ast Coast Si nes, or Seiii s C of the South Last Quadiilateral Bv Alajor 
Ceneril J 1 \A all ei C B Rb rR8 &,e &c Surveyor Ocncrilof India and 
Superintendent of the Survey and his Assistants Dehia Dun 1880 

Do XIIIA The South Pirasnith IVLeiidional Series and the South Maluncha Mciidional 
Senes of the South Ea^^t Quadril itei il Prepan d m the Office of the Tri^ono 
metrical Branch Survey of India Colonel C T Iliip R> Off», Deputy Survivor 
Giiieral m charge and published under the orders ot Colonel G C DePree SC, 
Surveyor General of India Delira Dun, 1885 
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Volume XIV 

Do XV 

Do XVI 

Do XVII 

Do XVIII 

Do XIX 

Do X\ 

Do XXI 

Do \XII 

Do XXIII 

Do XXIV 

Do XXV 


Ihe Budhon Mcndion^l Seiics or Scius J of the North Fast Quadrilateral 
Jiy Lieutenant (Teneral J T l\alkcr C B R I I R S &,c Sim ev or General 
of India and Superintendent of the Survey and his Assistants Dihia Di>ll^ 1883 
The Mtiidional Seiios or Situs A of the North East Qiiadril iteral 

By 1 1 ( iitenant ( ( neral J i \\all<r ( B 111 I 11 & kc Suivevor Giiicrdl 
of India and Superintendent oi the Sur\iy and Ins Assistants Dchra Dun 1883 
The Amua ]\Ieiidionil Smos oi feeius L and the Kaiara Meiidional Senes 
or Sines M of the hioith List Qu iih il iteial By I leutciidiit C i m ral J T 
Wall ir C B / K 1 IRS k-e &c Sunivor ( tneril ot India and Supeimtendent 

of the Sim cy and Ins Assistants Dehia Dull 1881 
Tlic Guru nil Mtiidion il Sun s or Senes A and the Gora Meridional Scries 
or Suns O of the Noith East Quadiilati lal By T loutcnnnt f eiuial J P 
W ilker ( B R1 IRS Kcc ki Sunc vor ( ineral ot India and Supeiinteniknt 

of the Siirviy and liis Vs ist ints Dehi i Dun 1883 
The llyiil Lon_, Meridional Sern s oi Serits P ind the Chendndi Meridional 
Series or Scuts Q ofc the Ninth List Qu idiil itcial Tinitmant ( cncral 

J r Wulkci ( B R! 1 R S iCt kt Suivtyoi ( cnerd ol India and Superin 

tciukntoi theSimu and his V sist iiits Dchi i Dun 1881 
The Ninth Pinsnilh Meridional Siiios oi Siriis Tl and the North Maltincha 
Meiidionil Siius or Suns /S' ol the Noith I ast Qii idi il itei il liepucd 

by T B N IldUKsscy I sq M A IRS kt ke OlTg Di put\ Simcyoi ( uiiral 
ip rhu^c ot liit,oiionietiii il 8ui\(\s uid Ins Assistants uid piililislitd niitk r the 
ordiis of Colonel G C DePree 8C OlTj, Surveyor Geneiul oI India Dehra 
Dun ISbi 

The C ill Lit 1 1 MoijulionjE St nos or Soiios / and the Eiahmaputra Mondionnl 
Suits 01 Su ICS V of thi Noith J ist Qiudnlitiial lu{iiedl)yJ B N 
Ilenni sev 1 sq MV IRS kc ivi OHf, Dtpnlv SnivuorC tnird in thai^e oi 
Tii^onoinetiual Suuivs mil his VsistuU uid publislnd uruk r the ordeis ot Colonel 
( C Deliei 8C Olfg SurMioi ( iiKtaloi Indi^ Dt hi X Dun 1883 
The Eut CaleutI i 1 ont^itudiual Suns oi Sines L and thi I istunl lontier 
Suies — S( i tiou 23 to 2G oi Suns // ot tlu Noitli I ast Qindnlatu il 
PicpaiidbvJ B N litmus ly ] s(| MV 1 R8 kc kc l)i puty ‘siinuor 

Ctntril 111 (liiij^c of fri^ >n putiu il 'sni\<\s and Ins Asistuits and published 
urnkr the oidcis of Colonel G C Delate 8C buucyor Genet al ol India 

Dt hi a Dun 188 3 

The Assam V illev Iiian"nl ition 1 of Artiidian92 cm matin" from the 
Ass in\ Longitudinal 8iiiis oi Senis Y of tlu Noith 1 ast Qn uliilatual 
liepaiid m the Ofhei ot the 1 luononu tin d Jh ineh Snrvtv of Jndia Colonel 
C Strihaii R] Di jnite Sin\(\/n C ^nt i il in tlip^e and publi hod iimkt the oukrs 
of C olom I 11 R Thuilher Rl Sui\(\oi C eiicral ol India P)U.jb-^lHUl y Ibsue 

DehiiDun 1891 

The Soutli Konkaii Coast St in s or Sun s Cof the Southern Tii"on litpaied 
111 till Ofhcc ol the 'liij^onometiical Ihaiieh Suriev of Imhi Colonel C Stiahark, R I 
Deputy Sunevoi Ceniial in thui^t ind pubh bed unde the ordeis of Colonel 
II R llmillier Rl Siir\c\or C enei d of India De hi a Dun 1891 
The Mm^iloic Meiidion il Senes oi Suns 7) of the Southern lri"oM 
Picpued in the Ofhee of the I ri"onometrical Branch Suriey ol India Colonel G 
Sti ihan Rl Deputy Sun e vor C cue ral m charge and published iinek r the orders 
of C filouel 11 R Ihiiillicr Rl Sui\e>or C eiieral of India Dchrx Dull D591 
The Smith East Coast Suios oi Sines A of the Soiithein Lng-on Prepared 
in the Otliec of the lii^onomotneal Braneli Simei of India Colonel C Strali m RL 
Depot} Surveyor General in charge and published under the oiders oi Colonel 
II R Ihuilhcr RE Sur\tvor Gtuci d of India Dehia Dun, 1891 



Li%t of P ihlishod Works of thn Q^eai Ti igonomeU ical Swvey of Tndta 
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Volume XXVI Iho Bofal)ay I ons^itudmal Scuts or Soius B of the Soutlioin liip^nn 

Prcpni((liu tlic Ofhee of the In^oiioiiK tnc il IJmufli Sul^o^ of Iiuh i ( oloiu I ( 
k>triliau III DiputN Sui\(}oi liiuial in dni^t and pnhhshtd nndt r the ordcisof 
Colonel II 11 IhuilliPi 111 Sur\(\or( cncial ot India, Dc hi i Dull, lh92 

Do XXVII Th( Madi is Lou^itudnial Sdios oi biius G of the Soufluin I ui?on 

licpiudmthe Olhee ol the Tii^ono netinal Biaiuh Sur\(^ ol Indii ( oloiu 1 ( 
Sti than RL Dt pntv Snnejoi C encial iii eliii^t ind jiubli Ind undt r tin oKUitjuf 
Colonel II II lluiilher R L bunevor Geiicrd of India DtlniDuu 1S<)2 
Do XXVIII 1 ho Madias Mcudion il md Co ist Seri( s oi iS( lu s jCoI tlu boullu in lii^on 

1 replied in the Ofiicc of the lii^oiionutru il Ri inch Sin\t\ of Indi i C oJonel ( 
Strihin 111 Deputy Sun ij or ( eueial in ehai^i and piihli hid iiiidt r tiu t ideis of 
Coloml II R Ihuillu 111 Sunivoi ( eiurdoL India Dthl V Dun lbll2 

Do XXIX ThcGieatArc — ScdionS tolS or Scuts I of the Southern 

Do XXX The Ahu Mtiidional Series or Scries I md tlie Giijintl on„itudinal Sc lies 

orSoiicsAof the South < st Qindiilatc rxl 1 ,iparid m the ()th<< of tlie 
rri^ouonu trie il lhauch Siirvi\ of liulii ColoutlC Stiahiu III Deputy Suiviior 
( ener'il m (liar^c and puhlislu d uiuler the onlcis of Colonel 11 R Ihuilhei 111 
buivcyor Geiicial of India Dchia Dun 1892 

Do XXXI The KhanpisuraMciidional Sc lies oi StiiesGof tht*South West (Quadrilateral 
Pu 1 in d in the Odite of tlie I ii^onometin \l Briuuh Sunty of India t olonel ( 
Stnhin 111 D< putv Sur\()or ( tiK i il indiii^i and pulilishtd nndc r tlic orders of 
Colonel II 11 'llnullier 111 Sumyor t encral ol India Dtlill Dun 1891 
Do XXXII Tlie Sin"i Meridional Series or Seius IF of the South M cst (iuadnlatc lal 

Pre p ircd in theOllue ot the 1 noimtin il Briiuh Sumy df Indii Coloml ( 
Strahiii R I Di juity Survtyor ( cucral m Cihiij^t and pnhhslud nmkr the onkrs of 
Colonel 11 R Thuillier RL Suivopr (jeneral of India Dchra Dun, 1892 


Spirit Levelling Opciations of the Great Trigonomctiical Survey of India 
Pi ice Rupee 1 pci voluni^e 

ncights in Sind the Runjah, X W Provinces, and Central India to May 1802 Calcutta 
1803 

Do in N W Provinces and Be Tij^at to ATay 1S(> 5 Rooiltc 1800 

Do in ^ho Punjab and N AV Piovmees, Season 1800 07, Sections I to IV Dehra Dun, 
1809 

Do m the N \V Provinces and Oudh, Seasons 1807 09 Sections V and VI Dc hra 
Dun, 1809 

Do from Lucknow viu Goruckporo &c to Dilclernugw,( r G T Survey Bench maik 
near Ghaijccporc Seasons 18G8 70, Section VII Dchi i Dun 1871 

Do from Goruckpoie Bcttiali Ac, to G T Suivey Beneli rnaik neir Paisurman 

Season 1870 71 StctionVITT Dehra Dun 1872 

Do fiom G P Suivcy Benchmark neir Paisuiinin to U P Siiivey Bench niaik at 
Piipanti Rail VI IV Station and tioiri G J Survey Bcnclimaik at Puiniili 
Chinch to N 1 Lnd of Sonakliodi Disc Line, Season 1871 73 Section IX 
Dehrv Dun, 1873 



Li&t of PuhUshcd Works of the Gieat Ti igonometrioal Suiiey of India 
Spiiit Levelling, Ox^crations of the Great Irigonometrical Survey of India — (Contimied) 

llLights in Culeh Kattvi'ar Gu7orat, I h im and Lonihay distiicfs, No 1 Bombay Piesi 
dcncy St asons 1874 7b JDtliia Dun 1870 

Do in Cult iclv Bal isoio Midnapoie lloniah 21 Peigiinnalis the Sundaihans and 
llooghly dl^tiicts ot bt isons 1881 83 Lchra Bun, ]8bX 

Bo in the Ih ina N isiL and Khindtsh disliicK of Bombay and m Bh ir Ben as 
Gwalioi Bhopal and lonk N line St iks oL the Central India Agency No 4 
Boinliny Ihesidtncy and Cential India A>,eucy, Seasons 1877 78 and 1881 81 
Bthra Dun 188o 

t ? 

Bo in tilt Borabav Picsidcncy and Nizam s Dominions, Nos 2 and 3 (Bcvised Edition), 
Se isons 1877 80 Bihra Bun 1886 

Bo in the Madias Presidency No 1 Seasons ISC!) 85 Bt bra Bun 18S6 

Bo iiithcMidras Picsidency No 2 Season 1885 86 Behia Dun 1887 

Bo in the Madras Piesidenc) No 3 S< ason 1886 S7 Belli a Bun 1888 

Bo in the INtadras Bi,esidency No t Season 1S87 SS Behia Bun 1880 

Bo in the Mull as Ihesidency No 5 Scison 1888 89 Belli i Bun 3 890 

Bo in tlic M idias Presidency No 0 Seasons 1888 80 and ISSO 00 Bt hia Bun, 1891 

Bo in the Bomlny Pvesidt ncy No 5 8( ason 1889 90 Behia Dun, 1891 

Bo in the Bonlbay Picsidency No 6 Si ison 1890 91 Behia Bun 1892 

Bo m the Bomb ly Picsidency Ilydcrahad Assigned Bistiicts and Cential Piovmces, 
No ^7, Seasons 1890 91 92 Bchra Bun, 1893 
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Auxihary Tables to facilitate the Calqulations of the Survey of India Third Fdihon 

llpAisetl and oxtciultd iindor the dir^ition of Lieut ( olout 1 II R Thuillier R1 SurttAor 
( tiicral of Indii hv Coloiul C T II R! Deputy feuMCAor Cicucral in diir^e of the Tri^o 
nomctrical I3r inch of tlic Survey of ludia Behia Bun, 1887 P}tce Hnjiees 2 

Hand book of Piofcssional Insti actions for the Topographical Branch, Survey of India Be 
Jiartment Prepaid hy Colonel C Strihan Rl Deputy Survevor Ccneial Tn^onoinctrii al 
Riaiuh under the direction trf Coloucl 11 R Ihuillicr jfl L Surveyor General of India Behia 
Bun, 1891 1 lice Rupees 2~4> 

Hand hook of Pioftssional Instructions for the Trigonometrical Bianch, Survpy of India Be 
partment Prepared by Colonel C Strahau R Deputy Surveyor ( eneral Trif^onometrieal 
Branch under the diicetion of Colonel H R ihuillicr, R L burveyor General of India Bchra 
Bun, 1891 Price Rupees o 
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